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ABSTRACT 
The studies repotied in this thesis considered the usefulness of measures of 
phonological awareness and rapid naming in predicting (i) future literacy skills, (ii) 
differences between those with and those without literacy deficits, and (iii) gains in 
literacy following retnediation. Two longitudinal studies measured changes in the 
literacy-related skills of 100 children from reception class and year 1 through to 
year 2 SATs assessments. These studies indicated that rapid naming tneasures were 
a reliable predictor of future literacy amongst these cohorts, particularly when 
adtninistered to beginning readers in comparison to pre-readers. Measures of 
temporal auditory processing, short-term memory and letter knowledge also 
presented as reliable predictors of future literacy skills. However, measures of 
phonological awareness, patiicularly an understanding of rhyme, did not predict 
variability in future literacy skills above that predicted by other screening measures. 
Two cross-sectional studies found evidence for tneasures of verbal fluency 
(patiicularly those that required processing at the level of the phoneme) and rapid 
naming (particularly of numeric stimuli) to differentiate between those with 
diagnosed literacy deficits and chronological-age matched controls across an age 
range that covered most of the compulsory education years. Two intervention 
studies, however, found little evidence for group interventions in phonological 
processing and rapid naming to improve literacy skills in those at risk of literacy 
deficits and those with recognised literacy disabilities. Overall, the findings inform 
educational practice in terms of potential screening measures that may be used to 
identify childt·en at risk of literacy difficulties, indicating that some currently used 
measures may need to be modified for use across a wide age range of learners and 
proposing that meastu·es of rapid naming may be usefully included in eru·ly screening 
procedures. Additionally, the research identifies the need for more specificity in 
theoretical models of literacy deficits that incorporate phonological awareness and 
rapid naming. 
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Section 1 
1. General introduction 
1.1 Aims and overview of research 
The aim of this research is to consider the role of phonological skills and rapid nan1ing 
speed (lexical access) in the context of literacy acquisition in normal readers and those 
who are classified as dyslexic. One view is that 'the acquisition of literacy is primarily 
the acquisition ofword recognition skill' (Gough, Ehri & Treiman, 1992, p.35): As such 
the research presented in this thesis will concentrate on word level literacy. However, 
whilst it might be argued that the word level of reading is critically impot1ant as the 
starting point of literacy developn1ent, literacy can be defined n1ore broadly as an 
individual's ability to read, spell, write and comprehend at a level commensurate with 
the demands of the educational system. Where approptiate this thesis will include 
measures of reading comprehension and wtiting skills attainment. In the UK, the 
government's national cuniculmn tests at the age of7 are used as measures of attainment 
in word reading and spelling, as well as in wtiting and text comprehension and will be 
used as an outcome measure in the longitudinal studies reported in the thesis. In addition 
to the two longitudinal studies, the work will incorporate cross-sectional and remediation 
work in order to assess the in1pact of phonological skills and rapid naming ability on 
literacy. Although phonological skills and rapid naming ability will form the focus of 
the work, due to their cunent status in the research literature, a number of different 
theoretical positions will be drawn upon as potential explanations of why difficulties in 
literacy acquisition are experienced by some children. 
The report by the Working Party of the British Psychological Society's Division of 
Educational and Child Psychology makes an important point in highlighting the fact that 
difficulties experienced by children in acquiring reading and spelling skills, and 
therefore written language, can act as serious 'baniers to educational, social and 
vocational opportunities' (BPS, 1999, p.8). In addition to the investigation of how these 
skills may be implicated in the acquisition of literacy it is a further intention of this 
research to examine the respective part played by each: firstly, in identifying children at 
risk for reading failure before they fail; secondly, the ongoing contribution that each 
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might make in continuing to differentiate no1mal readers from those classified as 
dyslexic across the educational years; and lastly to evaluate whether the remediation of 
these skills promotes literacy growth. In this general introductory section of the thesis, 
literacy development and predictors of reading ability will be discussed, together with an 
analysis of how reading disability might be assessed. There will be a review of how 
dyslexia (as the most prominent reading disability in educational practice and research, 
and the focus of the present work) has been defined over the years, as well as an 
overview of the expanding number of causal themies now evident in the research 
literature. Defining dyslexia, however, has remained contentious, both in education and 
research domains. Of importance is a review of the legislation to reveal the context in 
which practices must operate, both past and cuiTent, which has influenced, and continues 
to influence, the pedagogical practices within the UK, excluding Scotland. The 
legislation introduced by the gove1nment since 1998, making baseline screening 
mandatory in the England and Northe1n in 1998 and Wales in 1999 (that is, assessment 
of children on ently to school), underpins the work undertaken with pre-reading and 
beginning readers outlined in the longitudinal studies in Section 2. Individual 
differences in children's cognitive profiles are likely to highlight their subsequent 
progress in literacy achievement; some of these differences do not reflect difficulties in 
the acquisition of skills, but rather a lower or higher level of achievement according to 
intellectual ability. 
1.2 Models of literacy development 
1.2.1 Whole language approach to reading development 
The whole language approach, so popular in the 1970s, shaped much of the thought that 
surrounded children's acquisition of reading. Some of the n1ost prominent researchers at 
this time suggested that lea1ning to read was in fact an extension of learning to speak; the 
process would be no more difficult for children if the focus was on the whole word level 
of reading rather than applying any analytical skills by using grapheme phoneme 
coiTespondences to decode words (Goodman, 1976; Smith 1973). Smith's argument was 
that adults do not need to use phonological recoding to access words in the mental 
lexicon but go directly to meaning without a need to rely on any cot1'espondence 
between graphemes and phonemes. Furthermore, context played a critical role in the 
development of accuracy and fluency: children were expected to engage in a 
'psycholinguistic guessing game' in order to decipher the word. What has transpired 
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over the years of research is in fact that both of these claims are meaningless: skilled 
readers process words based on their phonological elements as well as other skills 
simultaneously; it is not skilled readers who rely on context but those who snuggle and 
grapple with mapping letters onto sounds in order to decode at the single word level who 
are reliant on this process (Bruck, 1990; Perfetti, 1985; Stanovich 1980, 1986b; 
Stanovich, West & Feeman, 1981; Van Orden, Pennington & Stone, 1990; West & 
Stanovich, 1978). 
1.2.2. The alphabetic principle 
It is well established that reading ability within an alphabetic reading system is 
inextricably linked to the development of phonological awareness and the establishment 
of the alphabetic principle. This p1inciple may be defined as an individual's ability to 
understand and utilise the knowledge that letters map onto sounds in Wtitten words and 
that sounds correspond to letters in spoken words, such an understanding appears critical 
to a child's progress in reading. This ability to analyse, utilise and generalise the 
spelling-to-sound correspondences acts as an extremely effective self-teaching 
mechanism (Gough & Billinger, 1980; Jo1m & Share, 1983; Share, 1985). Those 
children who have difficulty in acquiring this knowledge of the correspondence between 
letters and sounds, which appear to be a prerequisite of reading achievement, often have 
profound difficulties in becoming fluent readers (Adams, 1990; Adams & B1uck, 1993; 
Gough, Juel & Griffiths, 1992; Jorm & Share, 1983; Share, 1995; Snowling, 1980; 
Stanovich, 1982, 1986b, 1992; Vellutino & Scanlon, 1987). To understand how 
acquiring the alphabetic principle impacts on reading ability it is necessary to review 
some of the theo1ies that have been proposed about the development of reading. 
1.2.3 Stage models of reading development 
One of the most influential general models of reading development to emerge in the 
1980s suggested that children developed their skills in stages (Ehri, 1985; Flith, 1985; 
Marsh, Friedman, Welch & Desberg, 1981). Each of these theories proposed a series of 
stages commencing with children's reliance on visual cues to recognise words. The 
earliest of these, the theory of Marsh et al., proposed five stages that a child passed 
through in order to become a proficient reader. These stages consisted of an initial phase 
of 'linguistic guessing', 'discrin1ination net-learning', 'sequential decoding', 
'hierarchical decoding' and lastly 'morphophonemic analogy'. Each child progressed 
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through these stages beginning with 'guessing', the use of visual cues, the mapping of 
graphemes to phonen1es in order to decode words in stages 3 and 4, with a final stage 
where analogy played a vital role in the whole process. 
Ehri's (1979) initial proposal for a staged model of reading development has undergone 
refinetnents over the years and has evolved into a four stage model of reading 
development: pre-alphabetic, partial alphabetic, full alphabetic and consolidated 
alphabetic. In the initial stages of learning sight word reading the child begins to 
connect visual cues for words, usually some salient feature, such as the two l's in yellow 
(Ehri, 1999). This initial 'r((ading' may also be linked with picture clues in reading 
books. Whilst the partial alphabetic stage is characterised by some knowledge of the 
way letters represent the sounds in words, with the focus usually being on the beginning 
of a word, the full alphabetic stage requires greater ｫｮｯｾｬ･､ｧ･＠ of the alphabetic principle 
and an ability to read sight words by remembering their 'spellings as distinct, letter 
analysed fo1n1s bonded fully to their pronunciations' (Ehti, 1999, p.lOO). Finally, by the 
time the child reaches the consolidated alphabetic stage, sight words have been stored in 
memory as an accumulation of many orthographic patterns reflecting blends of sounds in 
syllabic units. Throughout, Ehri stresses the importance not only of reading but the 
interaction between reading and spelling development. 
Frith (1985) proposed three separate phases of reading development: the logographic, the 
alphabetic and the orthographic. One of the influential features of Frith's model has 
been the interdependence of reading and spelling development. She outlined how 
children in the logographic stage relied solely on the salient visual features of words they 
encountered with no recourse to letter-sound con-espondence to decode new words. In 
the alphabetic stage, children used their knowledge of the letter names and letter sounds 
of the alphabet, mapping these onto words in order to decode unfamiliar words. In the 
final stage, orthographic knowledge plays a central role in allowing the child to use 
knowledge of larger orthographic units and analogies between these through their 
acquired knowledge of grapheme-phoneme con-espondence rules. Whilst Frith linked 
reading development with spelling development it is impot1ant to note that she suggests 
that spelling is linked with reading development. Although these two processes may not 
miiTor each other they are interactive. In spelling development the alphabetic principle 
may appear in children's writing ahead of their reading development and as such make a 
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positive contribution feeding back into reading development (Oakhill, 1995). What Frith 
stresses is that development of either reading or spelling is interdependent. 
There have, however, been criticisms levelled at the stage models of reading 
development from a number of researchers (see Ellis, 1995, and Snowling, 2000, for 
reviews). Stage theories tend to assume that all children are alike and that they are all 
taught in the same way, which may not be a reasonable assumption (Ellis, 1995). 
Snow ling (2000) argues that mechanisms involved in each stage are poorly specified and 
cites evidence from studies of regular orthographies, such as Getman where there is a 
direct mapping between graphemes and phonemes, to suggest the redundancy of the 
logo graphic stage. Evidence to support some of the criticisms also comes from the work 
of Stuart and Colheart (1988) who report data from a longitudinal study of reading 
acquisition which questions the validity of conceptualising reading as a sequence of 
stages, presupposing that all individuals pass through each in an identical order. They 
argue that the development of phonological awareness and reading acquisition is a 
reciprocal one and, more importantly, they make the assettion that 'phonological skills 
can play a role in the very first stages of learning to read an1ong phonologically adept 
children. Hence, it is incotTect to claim that the first stage of learning to read always 
involves 'such non-phonological procedures as 'logographic' processing' (Stuart & 
Colheart, 1988, p.139). 
1.2.4 Dual route model of reading 
Models of reading attempt to characterise the processes by which a written word is 
accessed in order to identify, understand and pronounce it. The dual route model details 
two different routes that might be taken: the first is the 'direct route' whereby the 
lexicon, where word meanings are processed, is accessed by the visual and semantic 
representation of a word; the second is via an 'indirect' or sub-lexical process, using 
grapheme-phoneme correspondences to identify and access a word's meaning (e.g. 
Colheart, 1978). It is hypothesised that both of these routes are an essential part of a 
skilled reader's access to print, based primarily on the regular/itTegular and low/high 
frequencies dichotomy of words in English mthography. The lexical route uses the 
orthographic representation, or written fotm, of the word to access the stored 
representation in the mental lexicon without reference to grapheme-phoneme 
correspondences. It relies on a connection between the visual representation and the 
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phonological representation stored in memory in the lexicon. The altetnative route 
processes the written word via a sub-lexical procedure, encoding letter sttings via 
grapheme-phoneme correspondence tules, a key feature of an alphabetic sctipt. In this 
way the skilled reader can use both methods of processing text in order to gain full 
access to regular and irregular words, low frequency and high frequency words, and gain 
an understanding of what has been read. 
Both routes have featured in the research into dyslexia, with the suggestion that sub-
types of dyslexia may be evident in those experiencing reading difficulties. Two types 
of dyslexia, phonological dyslexia ｡ｮｾ＠ surface dyslexia, have been associated with 
impairment in utilising either the sub-lexical or lexical route respectively. Generally 
single case studies have been cited to support this dichotomy. Phonological dyslexia is 
charactetised by the inability of the individual to utilise the grapheme-phoneme 
correspondences in order to identify, understand and read the word. Conversely surface 
dyslexia is defined as an inability to use the direct visual route to reading. Research to 
support this dichotomy comes mainly fi·om documented evidence fi·om adults who have 
suffered a degree of neurological damage. As a result of damage to specific areas of the 
brain such adults have demonstrated a failure to utilise one of the two routes for reading 
and understanding text. However, given that the ptimaty evidence for these routes 
comes fi·om studies of adults, it may be that the processes desctibed may not be relevant, 
or indeed utilised, by normal children lean1ing to read (see discussions in Snow ling, 
2000). 
1.2.5 Connectionist Model of Reading 
Several computational models, in the form of parallel dishibuted processing networks, 
have been developed over the years to try to demonstrate and explain how children leatn 
to read, the processes involved in skilled reading and finally how these relate to dyslexia 
(e.g. Plaut, McClelland, Seidenberg & Patterson, 1996; Seidenberg & McClelland, 
1989). Some models consist of processes involved in phonological codes; other models 
focus on meaning (Harm & Seidenberg, 2001; Plaut & Shallice, 1993). These models 
are based on the incorporation of components representing lexical codes of orthography, 
phonology and semantics. In addition, 'hidden' units mediate the computation between 
these codes. The role of the hidden units is the basis for developing underlying 
representations, not just a process of abstraction (Seidenberg, 2002). Leatning in such 
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models is through experience and a product of discrimination and generalisation. In 
relation to a child learning to read the intention of the training procedure used in the 
model is to emulate the child's experience. Within this connectionist framework of 
learning, a strengthening of the association between orthographic, phonological and 
semantic infmmation, con1es with their activation. 
Seidenberg (2002) states that one of the main aims of the connectionist model is to 
explain in explicit tetms the largely unconscious processes that lead to single word 
recognition and skilled reading in contrast to stage models, which, he argues tend to be 
descriptive. Therefore it is not sufficient to say that the mental lexicon houses 
representations of words and their meanings, in addition to organising this information in 
a way that is accessible, the model has to be able to explain how these processes are 
performed. Reading acquisition comes about through a process of computing sounds 
and meanings ofwords from print. The model learns based on n1any examples, 
beginning with a whole word approach with a progression to being able to differentiate 
between partial representations of the structure of words. An example of this is the 
model by Ham1 and Seidenberg (1999) that learns on a word-by-word basis in the early 
stages of training, without recourse to other words. But over a period of time the model 
learns from segments of words such as onsets, times, syllables etc. and utilises this 
knowledge between orthographic units and phonological representations to discover the 
alphabetic ptinciple. A critical aspect of Seidenberg's argument is that the advantage of 
the connectionist model over stage models of learning to read is that it explains 
'observed developtnental sequences in tenns of basic principles ofleatning, memory and 
processing' (Seidenberg, 2002, p.80). In a review of the stage models of reading, 
Snow ling (2000) documents some of their limitations, which tend to support 
Seidenberg's argument. Futihetmore, the connectionist model allows for more than one 
process to be used at any one time in a child's reading development; that is there is not a 
stage when only a logographic approach is used, rather a mixture of lexical and sub-
lexical processes may be utilised. Experience leads to fast and efficient processing, and 
the ability to generalise knowledge leatnt from real words to nonwords, and a 
demonstration that iiTegular or exception words can be accessed and read as quickly as 
regular words. 
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1.2.6 The role of rime and analogy in reading/literacy development 
The work ofGoswami (1986), and Goswami and Bryant (1990), suggests that there may 
be an alternative way of conceptualising reading development and its relationship to 
phonological processing. Rather than focusing on a phonological code at the phoneme 
level, they propose that children may use larger intra-syllabic units of onset and rime as 
part of the acquisition of language and literacy. The onset is defined as the consonant 
cluster at the beginning of a word and the rime consists of the vowel sound and 
subsequent consonants (e.g. 'string' would be segmented into 'str' the onset and 'ing' 
the rime; Goswami & Bryant, 1990, p.30). Whilst Goswami and Bryant acknowledge 
that children use some 'visual strategy' to 'read' words they prefer to use the term 
'global strategy'. So rather than responding to words based on salient cues or the 'word 
envelope' (the outline shape made by the letters), where overload on memoty and 
confusability between similar shapes is all too apparent, they start to respond to the word 
as a sequence of letters. Goswami and Bryant stress that many young pre-school 
children who are exposed to nursety rhymes prior to learning to read are likely to use 
this ability in the beginning stages of formal reading instruction. They suggest that there 
is a causal link between early rhyming ability and later reading attainment, with young 
children recognising and utilising the link between common elements of onsets and 
rimes in words. 
So they form categories of words and when they begin to read they soon recognise that 
words in the same categories often have spelling patterns in common and that this spelling 
sequence represents the common so.und. As soon as they realise this, they can make 
inferences about new words, and they do. 
(Goswami & Bryant, 1990, p. 147) 
They further their argun1ent against discrete stages by suggesting that children get 
'gradually better at strategies which they use right fi·mn the start' (1990, p.147). 
However, they n1ake the claim that although children spell at the phonemic level early 
on, the ability to segment words into phonemes to read clearly is not utilised so early. 
Evidence outlined below on the development of phonological awareness suggests this 
segmental ability develops later. According to Goswami and Btyant ( 1990), reading and 
spelling development are different and separate processes. Evidence to support this claim 
is that young children cannot read some words they can spell, and spell some words they 
cannot read. 
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1.2.7 Development of phonological skills in relation to reading ability 
The key factor that has emerged from research over the last two and a half decades is 
that phonological awareness develops in stages, that a child's analytical ability is 
developmental and not present in pre-literate children; although they can be taught to 
discriminate 'fun' from 'bat' they do not generalise knowledge to other words, 
performing only at chance level when asked to discriminate between other words such as 
'fun' and 'bun' (Bytne, 1992). In the beginning stages of a child's development of the 
fundamental skills required to progress in reading, the degree of phonological awareness 
they possess at the outset, especially their sensitivity to rhyme and alliteration, may be 
the result of their pre-school experiences in the home (Bradley & Bryant, 1983; Maclean 
et al., 1987). Phonological awareness can be assessed very early in a child's 
developn1ent, either prior to commencement at school or in the early pre-reading stages 
(Blachman, 1984; Maclean eta!., 1987; Lundberg, Olofsson & Wall, 1980). The ability 
that very young children appear to have to judge whether two spoken words rhyme or 
not was particularly relevant to the decision to use such a measure with the children 
participating in the longitudinal studies outlined in Section 2, especially the participants 
in Study L 1 who had just started their formal education. Such a measure should provide 
evidence of its predictive validity for future reading achievement. One of the most 
difficult tasks facing both researchers and practitioners is to identify which measures of 
phonological awareness might offer predictive validity when used with pre-readers, 
which is why an understanding of the development of phonological awareness is so 
important. The ability to recognise that words rhyme, a task that requires the child to 
listen to spoken words, appears to be one of the easiest for young children. They need 
not have any knowledge of the fact that letters map onto sounds or vice versa. This is 
why it has proved to be a useful tool in assessing pre-reading children's initial 
phonological awareness at a global level. 
Bradley and Bryant (1978) developed a slightly n1ore complex task that incorporated 
both rhyme and alliteration and which required the individual to attend to and identify 
the odd one out by comparing and contrasting the sound shared by several spoken words; 
for example 'sun, sea, sock, rag'. The major advantage of this task is that it can be used 
with pre-readers. In this early pre-reading stage it has been suggested that insensitivity 
to rhyme and alliteration hinders greatly a child's literacy development, specifically 
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reading and spelling (Bradley & Bryant, 1978, 1983). In 1978, Bradley and Bryant 
compared dyslexics with reading age-matched controls on a series of odd-one-out tasks, 
and found that this insensitivity to rhyme and alliteration was related to the reading 
ability presented by the groups. Similar evidence from other researchers appears to 
support a causal link (e.g. Rack, 1985). In addition, evidence emerged from a series of 
studies with 403 pre-reading children aged 4 to 5 years old, unable to read any words 
from the Schonell reading test, that confirmed a link between rhyme and alliteration 
ability and reading achievement at the age of8 (Bradley & Bryant, 1983, 1985). The 
strength of their research was that their chosen methodologies included both longitudinal 
and training studies: the longitudinal studies established the relationship between skills 
at the outset and later reading; the training studies demonstrated quite clearly that 
teaching children sound categorisation, together with the knowledge of the alphabetic 
letters, resulted in improved skills specific to reading and writing but not arithmetic. The 
evidence points to the fact that it is not teaching children to categorise words into 
constituent sounds per se, but rather the combination of this aspect of phonological 
training with explicit insbuction in how alphabetic letters are not arbitrary symbols, but 
represent the sound sbucture of spoken and written language. Likewise Stanovich, 
Cunningham and Cramer (1984) used a task very similar to this with kindergarten 
children and found moderate conelations between this task and later reading ability. The 
advantage of both rhyming tasks and odd-one-out tasks is that they can both be used 
with very young children, although the predictive power of rhyming tasks is somewhat 
mixed especially as many reach ceiling on this simplest of phonological awareness tasks 
(see Stanovich et al., 1984). Additionally, some researchers have questioned what this 
task is measuring, suggesting that it may be tapping working memory in addition to 
phonological awareness (Wagner & Torgesen, 1987), whilst others have suggested that 
its predictive validity as a measure of reading ability, and hence future attainn1ent, may 
simply hinge on the complexity of the task rather than the underlying processes per se 
(Rack, Hulme & Snowling, 1993; Stanovich et al., 1984). A fuller discussion of this 
appears in Section 2 of this thesis. 
The picture that begins to emerge from past research evidence is that perfotmance on 
phonological tasks vaties according to the complexity of the task. Libetman and her 
colleagues canied out a number of studies to investigate the phonological abilities of 
children at different ages and stages of development and discovered that identifying the 
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number of syllables in a word, for example that 'window' can be divided into two 
sounds 'win' and 'dow', appears to meet with a great deal of success in very young 
children whilst identifying the number of phonemes, the smallest unit of sound, through 
a tapping task, continues to pose a challenge to pre-readers (Liberman, Shankweiler, 
Fischer & Carter, 1974). Amongst the very youngest children in their studies, the 4 year 
olds, 46% were successful on segmenting words into syllables, but none managed the 
phoneme tapping task. The progression of these skills was evident when they tested 5 
year olds and found 48% managed the syllable task and 17% could perforn1 the phoneme 
tapping task. There was a marked improvement in the ability of 6 year olds, with 90% 
being successful on the syllable segmentation task and 70% correctly tapping out the 
number of phonemes in a word. A follow-up study of these children in 1977 linked their 
ability to read single words in isolation, based on the Wide Range Achievement Test 
(WRA T; Jastak & Wilkinson, 1993), specifically with their attainment on the phoneme 
tapping task. Further analysis of the data suggested a reciprocal relationship between the 
development of phonological awareness and reading: half of the poorest readers, the 
bottom third of the class, were unsuccessful with the phoneme tapping task. Evidence 
for the reciprocal relationship was futiher strengthened by the fact that the better readers 
who fell within the top third of the group on reading ability were all successful when it 
came tapping out the nun1ber of phonemes in words. Liberman and her colleagues 
suggested therefore that 'perfo1mance on the tapping task is in pa11 a consequence of 
early reading progress' (Libetman, Shankweiler, Liberman, Fowler & Fischer,1977, 
p.207). 
Somewhere in between these two tasks lies the ability to segment at the onset-rime level 
(Goswami & Bryant, 1990). The onset refers to the initial sound of a word, either a 
single phoneme or a cluster, whilst the rime corresponds to the remaining pati of the 
syllable. For example, at the simplest level 'cat' can be divided into 'c' and 'at'. A task 
designed by Nicolson and Fawcett for inclusion in the Dyslexia Early Screening Test 
(DEST, Nicolson & Fawcett, 1996) and used in the longitudinal studies in Section 2, 
involved the identification of the first phoneme in a simple eve word; in essence 
splitting the onset from the rime. This task may be judged to be slightly more complex 
than the straightfotward phonological discrimination of whether two words rhymed or 
not. The extent to which this measure of phonological awareness, and therefore it 
usefulness in early screening tests, is predictive of later literacy attainment in both pre-
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reading children and those in the early stages of formal learning is analysed in detail in 
the discussion sections of the two longitudinal studies outlined in Section 2. 
Other phoneme segmentation tasks, which require an understanding and analysis of 
individual phonemes, are believed to be much more difficult because they require more 
complex linguistic analyses, and hence are believed to be beyond the capabilities of very 
young children (Bruce, 1964; Calfee, Chapman & Venezsky, 1972; Goswami & Bryant; 
1990; Lewkowicz, 1980; Liberman eta/., 1974). Evidence exists to suggest that whilst 
some phonological awareness is present in children before fotmal reading insb.uction 
takes place, the more complex or sophisticated segmentation skills evolve and develop 
as a result of direct insttuction in reading (Ehri, 1989; Goswami & Bryant, 1990). 
Stanovich and Stanovich (1995) suggest phonological awareness and reading acquisition 
are 'mutually facilitative' (1995, p.95). Futther evidence consistent with these findings 
comes from other researchers who have demonstrated the interactive nature of reading, 
spelling and phonological skills (Blachman 1984; Cataldo & Ellis, 1988, 1990; Ellis & 
Cataldo, 1990; Lewkowicz, 1980; Stanovich eta/., 1984; Yopp, 1988). Ehri suggests 
that phonological awareness and the emergent growth of phonological skills, indeed the 
role that these play in reading acquisition, is better thought of in tetms of whether they 
are a prerequisite, a facilitator, a consequence or a correlation of learning to read. 
The ability to blend together or synthesise phonemes is thought to be a task that young 
children are capable of doing, and evidence suggests that the ability to perfmm in this 
skill demonstrates a causal relationship to emerging word recognition (Perfetti, Beck, 
Bell & Hughes, 1987). However, unlike rhyme recognition, the ability to perfmm this 
phonological awareness task requires some knowledge of individual letters and 
con-esponding phonemes, suggesting some fotmal reading insb.uction is likely to have 
taken place. Perfetti et a/.' s longitudinal study not only investigated the ability to blend 
phonemes, but also looked at the more difficult language analysis tasks that required 
deletion and tapping of phonemes in words. The findings not only confitmed the 
differing cognitive demands of synthesis and analysis tasks, with the latter being more 
difficult, but also provided evidence for a film reciprocal relationship between an ability 
to use language analysis skills and success in relation to reading. They concluded that 
one skill scaffolds the other and vice versa (Perfetti et a/., 1987). 
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The final stages of assessing the degree of phonological awareness that has developed 
involve complex phoneme manipulation tasks requiting the ability to add, to delete or to 
move a phoneme within a word. These tasks provide the strongest predictors of reading 
ability, and are amongst the most highly correlated with reading acquisition (Alegria, 
Pignot & Morais, 1982; Bruce, 1964; Lundberg eta/., 1980; Mann, 1984; Rosner & 
Simon, 1971). However, two issues need addressing here: the first is that these tasks are 
generally too difficult for pre-readers and those in the beginning stages of fmn1al reading 
instruction, which is why these tasks were thought to be unsuitable for the two cohorts of 
children in the longitudinal studies in Section 2; secondly, because the relationship 
between the acquisition of these skills and reading ability appears to be reciprocal, it 
makes establishing a causal link tenuous at the best. Phonological awareness at this 
level of linguistic complexity is not present in children without sufficient exposure to 
reading instruction, and is absent in illiterate adults (Morais, Cary, Alegria & Bertelson, 
1979). 
1.2. 8 Letter recognition 
Leatning letter names and letter sounds is a crucial part of leatning to read and wtite. 
Without this knowledge it is not normally possible to become an accurate and fluent 
reader, let alone acquire the key skills needed for wt·iting in an alphabetic script. In the 
same way that early rhyming skills of pre-reading children are linked to their subsequent 
reading achievement, the ability to name letters is one of the best predictors of future 
success (Bond & Dystra, 1967; Badian, 1994; Badian, Duffy, Als & McAnulty, 1991; 
Badian, McAnulty, Duffy & Als, 1990; Elbro, Borstr0m & Petersen, 1998; Gallagher, 
Frith & Snowling, 2000; Johnston, 1998; Muter, 1994; Naslund & Schneider, 1996). 
Whilst phonological awareness in the simplest tasks, such as rhyme recognition, requires 
no fotmal instruction or understanding that letters in an alphabetic script map onto 
sounds, the more complex tasks require the child to have gained an understanding of this 
principle. The research evidence suggests that alphabetic knowledge is a precursor to 
reading ability, which is why very young, pre-reading children's letter naming ability has 
received so much attention. In an extension of Jean Chall's (1967) work, Bond and 
Dykstr·a (1967) established a central role of letter knowledge as a predictor of reading 
attainment. Their work established that a child's ability to name the letters of the 
alphabet was the best predictor of later success in reading regardless of the instructional 
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method adopted by the school, accounting for between 25 and 36% of the variance (see 
Adams, 1990, for a review). Similar evidence that letter knowledge is strongly con-elated 
with the development of reading and spelling ability can be found throughout the 
literature (see Ehri, 1992; Ehti & Wilce, 1985). Such evidence suggests that letter 
knowledge begins to play an important role as a prerequisite for the development of 
word recognition skills. However, an important distinction needs to be made between the 
alphabetic knowledge and the utilisation of this in leatning to read and write. Teaching 
letter knowledge in isolation is inadequate (see Ehri, 1983, for a review). This is 
analogous to the teaching of phonological awareness in isolation because neither 
provides an effective springboard for the young learner in utilising this knowledge to 
access written words. Evidence from those at genetic risk of dyslexia supports this 
premise. In a study where parents spent more time on teaching the names of letters to 
their children, the incidence of poor literacy was no different from that amongst those 
who did not receive such an intervention (Gallagher, Frith & Snow ling, 2000). This 
finding is particularly important in the context of letter knowledge, which is known to be 
a powerful predictor of later reading achievement. It points to a much more complex 
relationship between the difficulty in learning letter names and sounds, and literacy 
development, especially word recognition (Mason, 1980). More cotToborative evidence 
of the importance of letter knowledge in pre-readers is available from other researchers 
who have also investigated the precursors of reading difficulties in very young children 
at tisk of dyslexia (Byrne, Fielding-Batnsley, Ashley & Larsen, 1997; Elbro, Borstr0m, 
Petersen, 1998). Whilst it might be established that accuracy of letter knowledge is a 
precursor to literacy achievement, it appears that this factor alone cannot account for 
individual differences. 
1.2.9 Rapid Automatised Naming 
Whilst the level ofknowledge of the phonological structure of language, and an 
individual's level of phonological awareness, plays a significant role in the acquisition of 
literacy skills, as can be gleaned from the preceding analysis, an equally compelling 
argument is that individual differences in lexical access might signify future literacy 
achieven1ent. This entails the ability to access automatically and effortlessly the 
knowledge needed to n1ake use of the alphabetic principle. The evidence suggests that 
cognitive, linguistic and perceptual processes are all involved in retrieving a verbal 
match for a visual stimulus (e.g. Wolf, 1986). Wolf & O'Brien (2001) present an 
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interesting overview of the neuroscientific background, linking colour naming speed 
with word reading ability. Although the connection between these tasks may not be 
obvious, it is clear that reading is a complex skill, which requires the interaction and 
integration of a number of cognitive processes if the end_result of comprehending text is 
to be achieved. The accuracy and fluency required in the naming of colours at speed 
may be reflected in the word access processes that are vital for text comprehension. 
Indeed, the need for accurate and fluent word reading and/or spelling is reflected in the 
BPS working definition of dyslexia. This acknowledges one of the difficulties that 
dyslexics may have in achieving automaticity of the skills essential for reading 
acquisition. What is known fron1 research is that one of the n1ost reliable indicators of 
developmental dyslexia is the failure to develop rapid, context free word recognition 
skills (Gough & Tunmer, 1986; Lovett, 1992, 1997; Perfetti, 1985; Stanovich, 1986b). 
Most models of reading indicate a need for automaticity of sub-processes (e.g. LaBerge 
& Samuels, 197 4; Lesgold & Perfetti, 1981; Liberman et al., 1977). LaBerge and 
Samuels (1974) suggest that the problem lies with automating some of these lower level 
processes. Not achieving automaticity in accurate and fluent identification of words, 
would, in effect, have repercussions for the higher order skills of comprehension because 
of the conscious attention needed in order to perform these basic tasks would not be 
available to comprehend the subtleties of meaning often found in written discourse. It 
n1ay be that processing print at a basic grapheme-phoneme level and comprehension are 
incompatible. 
Lexical access has been measured by using rapid automatised naming tasks, an area of 
study originally initiated by Geschwind (1965, 1974) and later developed by Denckla 
and Rudel (1974, 1976). In a study using dyslexic boys, Denckla (1972) demonstrated 
that it was not an inability on their patt to name colours that predicted reading, as first 
hypothesised by Geschwind (1965), rather their substantially slower naming speeds 
when compared with controls. She went on to design a number of rapid automatised 
naming tasks using a range of stimuli fi·om colour, letters, digits and objects which were 
used in a number of studies by Denckla and Rudel (1974, 1976). The results of their 
research demonstrated quite clearly that these rapid naming tasks had the ability to 
differentiate dyslexics fi·om both normal readers and other learning disabled readers. 
Similar conclusions have been derived from the work of Spring and Capps (1974), in a 
study involving 7 to 13 year olds. Added to this evidence are a number of research 
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studies that have explored the link between rapid naming and reading achievement 
across a wide age range. These findings have been obtained from studies of kindergarten 
and first grade (Blachman, 1984; Felton & Brown, 1990), 6 to 10 year olds (Badian, 
1993), grade 1 through to grade 6 children (de Jong & van der Leij, 2003), adolescents 
and ·adults (Wolff, Michel & Ovtut, 1990), and adults with a developmental history of 
dyslexia (Felton & Wood, 1989; Pennington, Van Orden, Smith, Green & Haith, 1990). 
Additionally, the relationship is not confined to English speaking participants. The same 
relationship has been found in studies of Dutch speaking individuals (van den Bos, 1998; 
Yap & van der Leij, 1993, 1994), Finnish speakers (Korhonen, 1995), and Getman 
speakers (Naslund & Schneider, 1991; Wimmer & Hummer, 1990; Wimmer, 1993; 
Landed & Wimmer, 2000; Wolf, Pfeil, Lotz & Biddle, 1994). The evidence that the 
rapid naming ability of very young children can be used as an indicator of later literacy 
achievement (Meyer, Wood, Halt & Felton, 1998; Wolf, 1986; Wolf, Bally & Morris, 
1986) was one of the main reasons for its focus in the present work. 
The rapid naming task has two different formats, one a discrete trial and the other a 
continuous trial fotmat. Essentially the difference between these two tasks is that in the 
discrete fotmat the stimuli are presented individually, with reaction time noted between 
each stimulus, with the individual latencies being added together to give an overall 
response time. The alternative, the continuous naming task, requires the individual to 
name as quickly as possible a limited at1'ay of visual stimuli presented as a series. The 
total amount of time the individual takes to name all the stimuli is classified as the 
naming speed in order to compare results between individuals. Most researchers have 
elected to use the continuous naming task as they argue that this fotmat mi11'ors most 
closely the reading tasks. However, as with all areas of research there have been 
challenges regarding the conclusions drawn from continuous naming tasks. Perfetti, 
Finger & Hogaboam (1978) and Stanovich, Feeman & Cunningham (1983) undettook 
studies using a discrete trial format and claimed that no significant differences were 
found between naming speed and comprehension. Although some researchers (e.g. 
Bowers & Swanson, 1991) have found evidence for the efficacy of the discrete trial 
format in differentiating groups of different reading ability, Wolf(1991) argues that the 
discrete trial fotmat is less likely to identify differences than the continuous trial format. 
For example, Wolf et al. (1986) identified large differences between good and poor 
readers on a task requiring the continuous naming of alphanumeric stimuli (i.e. letters 
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and digits). From this, one of the conclusions they drew from their longitudinal research 
was that it was the type of naming task that was a major source of differentiation, and 
that these differences were temporally stable until 4th grade. 
Stanovich (1986b) has further challenged the independence of rapid automatised naming, 
subsuming it under phonological processes, as have others (Snow ling & Hulme, 1994; 
Wagner & Torgesen, 1987). Stanovich (1986b) hypothesises that the difference between 
dyslexics and controls on rapid automatised naming tasks is a direct result of reading 
experience. He suggests that for it to be a significant discriminant in later reading 
ability, naming speed would have to distinguish dyslexics from reading age matched 
controls. A similar point was made by Spring and Davis (1988) that difference in letter 
naming speed might be atttibutable to the amount of reading experience. However, in a 
study by Badian {1993), in which IQ and previous reading experience were controlled, 
letter naming speed still made the largest independent contribution to predicting word 
recognition. Additionally, the work undertaken by Yap and van der Leij (1994) has 
investigated the difficulty that dyslexics have on perfotming word and pseudoword 
reading in speeded and unspeeded reading tasks, the development of word reading 
automaticity and the outcon1e of training in reading automaticity. The conclusion they 
drew was that when the dyslexics were compared to reading age controls, they were 
susceptible to time constraints at even the simplest level of word analysis suggesting a 
deficit in single word processing. Recall speed ofword identification is one of the most 
important components in models of skilled reading proposed by researchers because it 
correlates highly with reading skill (e.g. LaBerge & Samuels, 1974; Perfetti, 1985). 
Other conclusions that Yap and van der Leij (1994) drew from their work was that 
reading development in dyslexics was much slower when reading continuous words, and 
phonological complexity had a marked effect on their perf01mance. They suggest that 
the difficulties that dyslexics have in acquiring automatic perfotmance has implications 
for ren1ediation. (See also Section 4 of this thesis for a futiher discussion of the work of 
Yap and van der Leij). 
Investigations by a number of researchers have led to the claim that rapid automatised 
naming constitutes a second core deficit independent of those related to phonological 
processing deficits (Bowers & Wolf, 1993; McBride-Chang & Manis, 1996; Lovett, 
Steinbach & Frijters, 2000; Wolf, 1991, 1997; Wolf & Bowers, 1999; Wolf, Bowers & 
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Biddle, 2000; Wolf, Goldberg, Gidney, Lovett, Cirino & Monis, 2002). This alternative 
conceptualisation takes the form of a double deficit hypothesis whereby phonological 
deficits and the processes underlying naming speed deficits are largely independent 
sources of reading difficulty. Wolf et a/. (2002) caution against subsuming naming 
speed under phonological processing because of the heterogeneity of the dyslexic 
population, coupled with the fact that to do so may have implications for identification 
and remediation. Wolf et al. (2002) investigated the independence of phonological and 
naming speed deficits in 144 severely impaired readers. They found evidence to classify 
these impaired readers into three groups. The first group, some 19%, had a phonological 
deficit. A second group, constituting 15% of the sample, were impaired on rapid 
automatised naming. However, the majority, roughly 60%, had a double deficit, 
demonstrating impaired performance on both phonological processing tasks and rapid 
naming tasks. The remaining 6% were unclassified. There are those who believe that 
the deficit found in rapid automatised naming tasks are, in part, a reflection of a more 
general deficit in speed of processing (Ackerman & Dykman, 1996; Catts, Gillispie, 
Leonard, Kail & Miller, 2002; Nicolson & Fawcett, 1995, 2001). Bowers and Wolf 
(1993) argue that symbol naming speed contributes variance to reading, notably reading 
fluency, due to the functioning of a precise timing mechanism necessary to enable the 
reader to develop orthographic cues and integrate these with phonological codes. 
Attempts to remediate automaticity or fluency in dyslexic readers is still in its early 
stages. Certainly, Yap and van der Leij demonstrated some of the difficulties associated 
with this form of remediation (1993, 1994). Further speed of processing remediation 
attempts are outlined in Study R2 of Section 4. Since the 1990s, Wolf and her 
colleagues have worked on programn1es of instruction intended to address the fluency 
issue (Wolf, Miller & Donnelly, 2000; Wolf & Segal, 1999). In a pilot scheme they 
assessed the efficacy of a programme, which focused on intervention in retrieval rate, 
accw·acy and vocabulary elaboration (RAVE). Impaired readers made significant gains 
on word retrieval accuracy and vocabulary depth. This pilot study led to the 
development of further fluency instruction, the RA VE-0 programme (Retrieval, 
Automaticity, Vocabulary Elaboration, Orthography), which they believed would 
address automaticity issues while teaching the impaired readers explicit connections 
among phonological, orthographic, morphosyntactic, and semantic systems. Their aims 
were threefold: one, to improve accuracy and automaticity in sub-lexical and lexical 
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processes; two, to increase word attack, word identification and comprehension; three, to 
promote a transformed attitude to language (see Wolf & O'Btien, 2001, for a review). 
What they were attempting to do was 'to address multiple possible sources of dysfluency 
in readers with disabilities' (Wolf, Miller & Donnelly, 2000, p.375). This would seem to 
point to an acknowledgement that remediating fluency difficulties, believed to be one 
source of deficit in dyslexics, is not a straightforward process but one which relies on the 
interaction and the integration of a number of components; visual, perceptual and 
linguistic. The research to date, implicating rapid automatised naming as a predictor of 
later reading achievement, points to the importance of its continued inclusion in tests 
assessing the early skills of young lea1ners. However, further research is needed in order 
to evaluate possible developmental changes across the life span, which might render 
some forms of rapid automatised naming redundant due to ceiling effects, and to identifY 
the usefulness of testing rapid naming deficits when choosing remediation programmes. 
1.3 Dyslexia and literacy deficits 
1.3.1 Defining dyslexia 
It is now widely acknowledged that dyslexia is a developmental condition, with a 
spectrun1 of associated language processing difficulties, which may begin with the 
manifestations of reading difficulties in a child, but is also reflected in the persistent 
difficulties evident in adults diagnosed in childhood as dyslexic (Bruck, 1992; 
Pennington et al., 1990; Van Orden et al., 1990). The difficulties that arise when trying 
to define dyslexia are in part due to the changing psychological nature of the condition 
across the lifespan. Whilst the ptimary indication of dyslexia may have been persistent 
difficulties in acquiring reading and writing skills, these behavioural signs n1ay not be 
evident in adult dyslexics. One reason for this is that they may have received extensive 
remedial support at some stage in their schooling, which has mitigated the behavioural 
signs of difficulties. The breadth of difficulties that have come to be associated with 
developmental dyslexia range from deficits with phonological awareness, speed of 
processing, short term memory, motor skills, auditory and visual processing. To define 
dyslexia in tetms of a reading difficulty denies the rich array of cognitive skills that 
contribute towards becoming a literate individual. In fact one cognitive psychologist 
states that 'whatever else dyslexia might be it is not a reading difficulty' (Ellis, 1985). It 
may start out as the obvious behavioural manifestation of dyslexia but the difficulties 
extend far beyond a difficulty in reading. Over recent years, due to the breadth and 
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depth of the research undertaken, developn1ental dyslexia has become widely accepted 
as a verbal language deficit (Vellutino, 1979). Stanovich highlighted the problem that 
still exists of trying to define the concept because of the difficulties in amalgamating, or 
'synthesising', the vast body of growing research literature on 'individual differences in 
the cognitive skills related to reading ... because of the plethora of relationships that 
have been found' (Stanovich, 2000, p.159). 
One of the earliest attempts to provide a standard definition of dyslexia was that of the 
World Federation ofNeurology (1968), which proposed the following: 
A disorder manifested by difficulty in learning to read despite conventional instruction, 
adequate intelligence, and socio-cultural opportunity. It is dependent upon fundamental 
cognitive disabilities which are frequently of constitutional origin. 
(World Federation of Neurology, 1968, cited by Critchley, 1970) 
It was in essence a medical model of dyslexia, citing the difficulties within the 
individual. The definition has not been without its problems because, in addition to 
representing a definition by exclusion, it failed to define the terms 'conventional 
insttuction', 'adequate intelligence' and 'socio-cultural opportunity'. But it did present a 
starting point for defining dyslexia, acknowledging that some individuals do indeed have 
a greater difficulty in acquiring reading and writing skills than others. Dyslexia was first 
recognised as a syndrome by the British Government in the Tizard Report ( 1972). This 
report was based on the Isle of Wight study (Rutter, Tizard, & Whitmore, 1970). Data 
was presented identifying two different groups of poor readers; those with general 
reading difficulties, as a result of general developmental delay, and those with specific 
reading difficulties not atttibutable in terms of poor IQ scores. The offshoot of this was 
that specific Ieatning difficulties (dyslexia) became recognised in govetnment legislation 
through a series of education acts that culminated in the Code of Practice (1994). This 
Code of Practice outlined details on the identification and assessment of special 
educational needs relating to problems mastering skills known to be associated with 
reading and writing (DfEE, 1994). A subsequent Green Paper (1997) and a revised Code 
ofPractice (DfEE, 2001) have confim1ed this viewpoint. 
However, even if legislation exists recognising literacy acquisition problems, views still 
vary as to what dyslexia is. For example, the Ot1on Society's 1995 definition broadens 
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the critetia used by the World Federation ofNeurology (1968) to acknowledge that both 
a heritability link and verbal language deficits hinder the development of reading and 
writing. Their definition states: 
Dyslexia is a neurologically-based, often familial, disorder which interferes with the 
acquisition and processing of language. Varying in degrees of severity, it is manifested by 
difficulties in receptive and expressive language, including phonological processing, in 
reading, writing, spelling, handwriting and sometimes arithmetic. 
Orton Society (1995) 
In contrast, the report of the British Psychological Society's Working Party of the 
Division of Educational and Child Psychology (1999) focuses on the behavioural 
manifestations of dyslexia by simply highlighting difficulties at the word level of reading 
and spelling, thereby reducing the criteria specified by the World Federation of 
Neurology (1968). The BPS definition argues that: 
Dyslexia is evident when accurate and fluent word reading and/or spelling develops very 
incompletely or with great difficulty. This focuses on literacy leaming at the 'word level' 
and implies that the problem is severe and persistent despite the appropriate leaming 
opportunities. It provides the basis for a staged process of assessment through teaching.' 
(BPS, 1999, p.8) 
There have been several criticisms relating to the BPS working definition of dyslexia, 
not least that it centres on a difficulty at the word level of reading and/or spelling, which 
some regard as a retrograde step (see Thomson, 2001). No account is taken of a 
discrepancy between intellectual ability and subsequent level of achievement despite 
much cognitive research showing highly significant findings from this discrepancy (see 
Rutter & Yule, 1975; Thomson, 1990, 2001). One reason for the avoidance of the 
discrepancy critetion in the BPS Working Party report was the argument presented 
against its efficacy. For example, Miles and Haslum (1986) have noted that the use of 
regression equations to predict children's reading ages from their intelligence and 
chronological age, as used by Rutter and Yule (1975), leads to problems when trying to 
identify differences between intelligence scores and reading ability at the low IQ end of 
the continuum ofiQ scores. However, they do acknowledge that this situation is 
representative of a very small percentage of children with reading difficulties (Miles & 
Haslum, 1986, p.106). Stanovich (1988), an1ongst others (e.g. Siegel 1989), questions 
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the validity of a discrepancy based on reading and intelligence because this method 
negates the 'assumption of specificity', that is that the dyslexic child has a deficit, be it 
biological or cognitive, that is 'reasonably' specific to the reading task. On balance what 
the BPS working definition appears to aim to do is to regard all children struggling with 
acquiring accurate and fluent word and/or spelling development as needing further 
investigation and special educational needs support. 
1.3.2 Causal Theories OfDyslexia 
One useful way of conceptualising dyslexia might be within the Morton and Frith (1995) 
causal modelling framework, which embraces three levels of description: the biological, 
the cognitive and the behavioural. Morton and Frith argue that regardless of which level 
of description is used to explain the difficulties experienced by an individual there is 
always a need to take account of the mediating effects of physical, environmental and 
cultural factors. Frith (2002) asserts that within this framework dyslexia 'can be defined 
as a neuro-developmental disorder with a biological origin and behavioural signs, which 
extend far beyond problems of written language' (p.45). Evidence from studies of adult 
dyslexics tends to support the view that although reading and spelling may have 
improved significantly over the years, due to intensive remedial support, other 
difficulties still persist (e.g. Btuck, 1990, 1992, 1998; Pennington eta!., 1990). It is now 
evident that many different cognitive processes are involved in leatning to read and write 
and a breakdown in one or more of these may be responsible for dyslexia. 
As Singleton points out: 
Literacy involves the integration of many complex cognitive skills, including those that 
enable human beings to input, store and process phonological, visual and kinaesthetic 
infmmation and to control movement of the eyes and hands. It is unsurprising, therefore, that 
literacy attainment con·elates with many cognitive measures. 
(Singleton, 2002, p.113) 
1.3.2.1 Phonological Processing Hypothesis 
One of the most influential theories of dyslexia, the phonological deficit hypothesis, has 
gained major consensus from the research community since the early 1980s. The large 
body of empirical evidence for phonological deficits in dyslexic readers is extensive. 
According to this hypothesis the ability to process sounds in spoken language, generally 
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termed phonological processing, is the core problem facing those who are struggling to 
acquire reading and writing skills. This leads to difficulties with leatning the alphabetic 
principle resulting in poor ability to make the necessary grapheme-phoneme 
correspondences thought to be ctitical to reading development. Such difficulties with 
phonological processing seem to be reflected in the regularity of the orthography of the 
language the children are learning. For example, English is thought to be more difficult 
because there is not always direct mapping from graphemes to phonemes in irregular 
words, for example 'yacht'. It is now known that children who lack phonological 
awareness are at risk of becoming poor readers (e.g. Bradley & Bryant, 1983; Fletcher, 
Shaywitz, Shankweiler, Katz, Libetman, Struebing, Francis, Fowler, & Shaywitz, 1994; 
Juel, 1988; Share et al., 1984; Vellutino & Scanlon, 1987). This fact is supported by 
evidence that training in phonological awareness has an effect on subsequent reading, 
even in pre-readers (e.g. Lundberg et al., 1988). The empirical evidence is vast, 
focusing on a range of skills that are believed to fall under the umbrella of phonological 
processing. 
As pointed out by Rack (1994) there are now tnany variants of the theoty. Wagner and 
Torgesen (1987) present an extensive review of the nature of three bodies of evidence 
implicating phonological processing and its causal role in the development of reading 
skills. Others have presented evidence for its ctitical role in the reading development 
(Brady & Shankweiler, 1989; Frith, 1997; Goswami, 1999; Goswan1i & Bryant) 1990; 
Lundberg & Hoien, 2001; Share, 1995; Share & Stanovich, 1995; Snowling, 1987, 1991, 
1995, 2000; Stanovich & Siegel, 1994). 
A detailed analysis of the diffeting roles that phonological processing skills play in 
attainment of literacy skills is covered throughout this introduction. 
1.3.2.2 Double Deficit Hypothesis 
Bowers and Wolf(1993) argue that there is a separate relationship between 
developmental dyslexia and rapid naming speed that is independent of that found 
between dyslexia and phonological processing. Whilst it would be difficult to deny the 
centrality of the phonological processing deficit as a prevalent cause of dyslexia, the 
growing interest among some researchers has led to an attempt to establish the role of 
rapid naming speed as a separate deficit (Bowers & Wolf, 1993; Wolf, 1991, 1997; 
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Wolf, Bally & Morris, 1986; Wolf & Bowers, 1999; Wolf, Bowers & Biddle, 2000; 
Wolf, Goldberg, Gidney, Lovett, Cirino & Mon-is, 2002). Wolf et al. (2002) state 
explicitly the danger of subsuming rapid naming deficits under phonological processing 
because to do so 'minimises the importance of other factors in explaining the 
heterogeneity of poor readers' (2002, p.44). Evidence exists to demonstrate that naming 
speed differentiates dyslexic children from both average readers and other 'garden 
variety' poor readers (Denckla & Rudel, 1974, 1976; Spring & Capps, 1974). In 
addition this measure is able to differentiate children at the beginning of their fotmal 
education in kindergarten (Wolf et al., 1986). There is also evidence that it continues to 
prove a powerful discriminator for older children and adults (Meyer, Wood, Hart & 
Felton, 1998). Cross-linguistic studies, especially in languages were grapheme-phoneme 
con-espondences are regular and the language is regarded as 'transparent', have provided 
further evidence of it predictive ability (Naslund & Schneider, 1991; Landed & 
Wimmer, 2000; Yap & van der Leij, 1993, 1994; Wimmer, 1993). 
Bowers and Wolf(1993) acknowledge that whilst impaired phonological processes are 
implicated in reading difficulties, other factors such as weak orthographic codes and lack 
of fluent reading may be related to speed of naming visual stimuli. They argue that the 
number of processes comprising naming speed means that it should not be subsumed 
under the linguistic element of phonological processing even though some researchers 
insist that the retrieval of information from long-tetm memory requires verbal labelling 
(Torgesen, Wagner, Simmons & Laughon, 1990; Wagner & Torgesen, 1987). Instead 
they propose that the slowness on rapid naming tasks reflect an underlying deficit in 
timing mechanisms (e.g. Bowers & Wolf, 1993; Wolf & Bowers, 1999). The source of 
difficulty for some children is developing sufficiently rapid processing rates essential for 
reading fluency and comprehension (Wolf & O'Brien, 2001). The independence of 
rapid naming speed from phonological deficits has gained credence over the years from 
studies using rapid naming as an indication of speed of processing problems. The 
heterogeneity that exists amongst the dyslexic population has been conceptualised as 
three different core deficits: single core deficit in phonological processing with no 
evident naming speed problems; alternatively a rapid naming speed core deficit with an 
absence of phonological difficulties; and lastly the presence in a large percentage of a 
double deficit embracing both phonology and rapid naming (see Lovett et al., 2000; 
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Wolf, Bowers & Biddle, 2000; Wolf et al., 2002). A more comprehensive review of the 
literature on rapid naming speed is detailed in this introduction (see sub-section 1.2.9). 
1.3 .2.3 Working Memory Hypothesis 
There is substantial evidence to support the role of working memory in learning to read. 
Deficits in the processes associated with working memory are argued to be a 
characteristic often associated with dyslexia (see Rack, 1994). The connection between 
reading and memory is well established (for reviews see Baddeley, 1986; Jotm, 1983; 
Wagner & Torgesen, 1987). Working memory is conceptualised as different from short-
term memory. Whereas short-term memory is typically seen as a system for holding 
infotmation briefly before it is acted upon, working memoty is seen as responsible for 
storing, interpreting and manipulating inf01mation in order to suppo1t ongoing complex 
cognitive activities (Gathercole & Pickering, 2000). In tutn, working n1emory has been 
linked to children's academic success in the early years, patticularly expected levels of 
achievement. In addition, working memory related difficulties that have been found 
amongst children with dyslexia are known to persist into adulthood (e.g. Btuck, 1990; 
Pennington et al., 1990) with studies involving university students confirming the 
association between working memoty deficits and dyslexia (Hanley, 1997; Gottardo, 
Siegel & Stanovich, 1997; Snowling, Nation, Moxham, Gallagher & Frith, 1997). 
However, as with the previous causal hypothesis, proposals that dyslexia is due to a 
working memory dysfunction are confounded with the phonological deficit hypothesis. 
Evidence that phonological processing can be intricately involved in the sort of memory 
tasks used to differentiate dyslexics fi·onl non-dyslexics can be found in the initial work 
on working memoty. For example, experiments that used confusable and non-
confusable stimuli (for example. B G V T C D and F K W Y R X respectively) have 
demonstrated that the fotmer were more difficult to remember than the latter (Baddeley, 
1966; Conrad, 1964; Mattingley, 1980, 1991). Shankweiler et al. (1979) suggested that 
the problem that dyslexics have is one associated with a deficit in phonological coding. 
The argument they use is that phonological coding, decoding and encoding for reading 
and spelling, plays a key role in working memory and an efficient working metnory is 
necessary for the higher order skills of reading comprehension. Liberman and 
Shankweiler (1985) suggest that the difficulties that dyslexics have in segmentation of 
words creates processing demands, which impinge on these higher order skills. 
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Evidence now exists to support the fact that dyslexics have significant deficits in 
working memory when compared with younger reading-age matched controls, and that 
these deficits remain a persistent problem for adults (Gottardo, Siegel & Stanovich, 
1997; Gottardo, Stanovich, & Siegel, 1996; Stanovich, Siegel & Gottardo, 1997a). 
However, the evidence that Gottardo et al. (1996) present is that cettain phonological 
processing tasks have been shown to predict unique variance in reading ability 
independent of memory processes in third grade children. In contrast, some researchers 
claim that it is impaired phonological representations which hampers the amount of 
information that can be held in shott-term men1ory, thus the problem is not memory 
specific but indicative of other phonological deficits (Hulme & Roodenrys, 1995; 
Snow ling, 2000). Others have found links between working memory and reading and 
arithmetic development suggesting it is not a specific cause of reading difficulties (for 
example de Jong & van der Leij, 1999). 
1.3 .2.4 Temporal Processing Hypothesis 
The temporal processing hypothesis stems from the initial work by Tallal (1980), and 
later Tallal and her colleagues (Tallal, Miller, Jenkins & Merzenich, 1997, 1998). This 
postulated a causal link between auditory processing of rapidly presented stimuli, or 
temporal order judgements, and later reading disability. At the biological level of 
Morton and Frith's (1995) causal modelling framework, this task impailment is due to a 
dysfunction in the (magnocellular) auditory pathway, which causes difficulties in rapid 
processing of auditory stimuli. It may be regarded as a problem with the integration of 
rapidly presented stimuli, with some researchers (see Stein, 2001) suggesting that this is 
analogous to similar deficits argued to be linked to visual processing deficits found 
amongst some dyslexics and associated with the magnocellular visual pathway. Tallal et 
al. (1997, 1998) suggest that the difficulties that some children have with the 
discriminating and sequencing of rapidly presented auditory stimuli may be associated 
with problems such children experience leatning sound-symbol relationships that are 
necessary for them to progress with reading. 
However, this causal hypothesis has become an issue of debate amongst researchers who 
question what the temporal processing task actually measures. Some researchers have 
suggested that the use of verbal labels reflects a level of phonological awareness and 
processing and puts demands on working memory (Wagner & Torgesen, 1987). It might 
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also reflect retrieval and/or encoding problems. Although there is evidence in the 
literature to show that some individuals with dyslexia have problems with discrimination 
of stimuli if the inter-stimulus intervals between presentation of the two sounds is short, 
there is no consensus: Marshall, Snow ling and Bailey (200 1) found no evidence in their 
dyslexic cohort; Share, Jorm, MacLean and Matthews (2002) found that long inter-
stimulus intervals were more predictive. It will therefore be of interest to investigate 
how very young children perfotm and whether such a task can differentiate children who 
might be at risk for reading failure. 
1.3.2.5 Skill Automatization Hypothesis 
This particular hypothesis was developed by Nicolson and Fawcett ( 1995) and stems 
from two more specific but inteiTelated hypotheses of difficulties experienced by 
dyslexics; namely the Dyslexic Automatization Deficit (DAD) hypothesis and the 
Conscious Compensation (CC) hypothesis. In the DAD, dyslexics have difficulties in 
automatising any skill, whether motor or cognitive, whilst the CC hypothesis proposes 
that by attending consciously to the task in hand dyslexics can overcome some of their 
difficulties through compensatory strategies. The Automatization Deficit Hyp9thesis 
embraces both of the factors, focusing on any skill that requires a fluent and automatic 
performance without conscious con1pensation. In order to test their hypothesis, and 
demonstrate that dyslexia is more than a 'phonological disability', Nicolson and Fawcett 
chose to test simple skills such as the ability to balance. Such an ability should be free 
fi·om either phonological skill and should not be influenced by reading experience. In 
addition Nicolson and Fawcett, in their 1990 work, prevented participants :fi·om any fotm 
of conscious compensatory strategy by the use of blindfolds and concuiTent tasks 
. . 
(Nicolson & Fawcett, 1990). The results of this and subsequent studies demonstrated 
that dyslexics showed deficits in a number of primitive skills that 1nay be considered as 
requiting automatic processing. 
Within the Morton and Ftith (1995) causal modelling :fi·amework Nicolson and Fawcett 
(1995) believe that the difficulties that dyslexics experience in attaining skill 
automatization can be attributed at the biological level to deficits in the cerebellum. The 
deficits in the cerebellun1 n1anifest themselves as cognitive deficits outlined by the 
automatization deficit hypothesis. The behavioural manifestations may be seen as 
problems with reading, spelling and writing at a number of levels, but most especially 
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with accuracy and fluency ofperfotmance which signals automaticity. Nicolson and 
Fawcett argue that the majority of dyslexics have a range of problems including 
phonology, working memory, speed of processing, motor skills and balance and 
postulate that these findings are consistent with the auton1atization deficit hypothesis. 
1.3.2.6 Visual Processing Hypotheses 
Hypotheses implicating a number of visual processes have emerged as alternative 
explanations of the cause of dyslexia, a direct contrast to the phonological processing 
hypothesis. Everatt (1999) argues there are three main single causal theories in1plicating 
visual processes in dyslexia. Firstly, work by Lovegrove and others (see Breitmeyer, 
1993; Lovegrove, 1996) has led to a theory which postulates a deficit in the 
transient/magnocellular pathway of the visual system that leads to problems with clarity 
of print, or bluned images, due to competing activity between this transient neural 
pathway and a notmally functioning sustained or parvocellular visual system A second 
theory (e.g. Pavlidis, 1981) argues that the difficulties experienced by dyslexics can be 
attributed to poor eye movement control, specifically increased regressions and longer 
fixation titnes, a conclusion drawn fi·om experiments where there was ･ｶｩ､･ｮｾ･＠ that the 
dyslexic participants had difficulty in sequencing the eye movements required to track 
stimulus. The third causal theory, proposed by Stein and his colleagues (Stein, 1994; 
Stein, Riddle & Fowler, 1989), states that the problems that dyslexic children experience 
with reading stems from abnormal functioning of the ocular motor system, that is a 
failure to develop binocular conh·ol which in tutn leads to reports such as letters 
'moving' on the page. Failure to develop a 'dominant' or 'reference' eye means that 
there are competing images as dominance switches from eye to eye, resulting in unstable 
visual perceptions or bluned vision. 
One of the difficulties associated with much of the research findings involved in visual 
processing deficits is the lack of consistent evidence: some dyslexics with literacy 
problems do not have deficits in the transient or magnocellular system (Everatt eta/., 
1999); still others do not demonstrate abnotmal eye movements during reading (Rayner 
& Pollatsek, 1989); lastly Bishop (1989) and Goulandris, Mcintyre, Snowling, Bethel 
and Lee (1998) did not find a preponderance of m1hoptic difficulties in a group of 
dyslexics when compared with conh·ols. There is also evidence available to indicate 
normal readers may have the same visual deficits without any associated literacy 
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difficulties. In addition to the above main causal theories of visual processing deficits 
outlined by Everatt (1999) a number of other researchers have proposed alternative 
explanations for the visual-related difficulties expetienced by dyslexics. Notably, these 
include sensitivity to cet1ain wavelengths of light (Irlen, 1991; Wilkins, Evans, Brown, 
Busby, Wingfield, Jeanes & Bald, 1994). This visual sensitivity has been associated 
with Scotopic Sensitivity Syndrome and the use of colour lenses and overlays to help 
some of the visual perceptual problems experienced by dyslexics when reading (see 
reviews Hogben, 1997; Everatt 2002). However, whether the symptoms related to 
scotopic sensitivity can be said to constitute a syndrome is still questionable and some 
researchers have questioned the theoretical basis of this link between reading deficits and 
visual problems (Everatt, 2002). The range of theoretical explanations related to visual 
deficit hypotheses make it necessary to include a large number of measures in research 
aimed at differentiating these competing viewpoints. Given this and the focus of the 
cutrent research, this specific causal viewpoint will not be considered further in the 
thesis. 
1.3.3. Assessment of literacy deficits 
The reading and spelling ability of children should be set within the context of normal 
development, acquisition and skilled perfom1ance. In so doing an account must be taken 
of what has been leatnt fi·om psychological research into reading ability and disability 
over the last three decades. The evidence from research demonstrates that a number of 
cognitive processes are involved in the acquisition of reading and spelling, especially the 
critical role of phonology. In addition, the age of the child is likely to reflect the 
developmental stage they have reached, for example the level of phonological 
proficiency of a 5 year old without a great deal of reading experience is highly likely to 
be considerably less than an 8 year old with three years fotmal instruction in reading. As 
already outlined the research evidence points to a reciprocal relationship between 
phonological skills and reading experience. However, according to the report by the 
British Psychological Society's Working Party of the Division of Educational and Child 
Psychology they argue that a working definition of dyslexia should be 'separated frmn 
any theoretical or causal explanations' and the focus should be on evidence that accurate 
and fluent word level reading and/or spelling is incomplete, or only achieved with great 
difficulty (BPS, 1999). This, they argue, requires an assessment at the word level, an 
evaluation of the leatning opportunities that have been provided, as well as evidence for 
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the persistence of these difficulties despite additional effot1 or inshuction. The first of 
these n1ay pose something of a problem for very young children snuggling with grasping 
the alphabetic principle so central to progress with word recognition. 
Assessment of children's literacy skills, particularly their ability to read and spell, 
requires some kind of comparison to be made between levels achieved and those 
required or expected. According to the British Psychological Society's Working Party 
report this assessment of skills may be achieved in several ways through the use of 
norm-referenced tests, performance criteria or observation of learning behaviour (1999, 
p.122). One of the most commonly adopted forms of assessment of reading and spelling 
ability comes from the use of standardised tests which are norm-referenced to reflect the 
typical perfotmance of other children of the same age. In this way it is possible to 
establish and compare an individual's petformance with other children and gauge 
whether or not they are perfotming at the expected or required level. This particular 
approach of using standardised tests of reading and spelling is widely used with school 
children and provides baselines of achievement in these two areas. The value of some of 
the commercially available reading and spelling tests is that some can be administered to 
a whole group as part of the normal screening process to check on progress. This was 
the type of approach taken in the school were the longitudinal studies were conducted, 
outlined in Section 2 of this thesis. The results of the reading and spelling tests can then 
be used to make a judgement about an individual child's attainment compared with his 
or her peers. The results can also be used as the evidence that accurate and fluent word 
reading and/or spelling has developed 'very incompletely'. Often psychologists and 
teachers assessing individual children will make use of these attainment tests in order to 
make a detailed analysis of en-ors, such as omitting a syllable from a word, or 
mispronunciation of words, which will give a clue to some of the difficulties being 
experienced. Further evidence of difficulties with word level reading is likely to be 
supplemented with a single word recognition test administered to individual children. 
These tests give a more accurate picture of how the child functions with reading words 
without contextual cues. Altetnatively, accuracy and fluency levels may be 
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judged against perfotmance criteria that reflect levels expected based on the learning 
environment. Lastly, the report raises the value of observation of leatning behaviour, 
which focuses on strategies that reflect a different leatning pattern from the majority of 
other children. 
One of the problems ｩｮｨ･ｲ･ｮｾ＠ in all three forms of establishing problems with word level 
reading and/or spelling by compating different children, is that all fall short of being a 
comprehensive assessment of achievement because they take no account of intellectual 
ability, an aspect that is regarded as pat1icularly important to many educational 
psychologists involved in the assessment of dyslexia (Thomson, 1990, 2001). Thomson 
(1990, 2001) argues that whilst attainment tests of reading and spelling are an essential 
aspect of the decision making process in deciding whether or not a child is dyslexic, 
these are insufficient on their own to formulate a profile of strengths and weaknesses and 
reach a decision about which fotm of remediation should be implemented. An IQ test 
such as the Wechsler Intelligence Scale for Children (WISC-IIIuK; Wechsler, 1992), or 
the British Ability Scales (BAS; Elliott, Smith & McCulloch, 1996), provides 
infotmation about verbal and non-verbal or perfonnance ability. Whilst the verbal score 
gives a profile of language abilities, the perfom1ance score offers an indication about 
potential problems with co-ordination, perception and motor skills. The advantage of 
using an IQ test is that attainment can be set in the context of a child's intellectual 
ability, identifying a discrepancy between achievement and potential. This, of course, 
can work in either direction: if a child has an IQ above average but is performing at an 
average level then this may be regarded as underachievement based on a discrepancy 
model; conversely if a child is found to have an IQ below average but is reading at an 
average level that individual is performing at a level better than predicted. The 
discrepancy definition often used by educational psychologists in the assessn1ent of 
dyslexia tules out classifying those children who are struggling to attain average levels 
of reading and spelling ability because they are below average intellectually. There is 
not wholeheatied agreement amongst psychologists about the use of a discrepancy 
model of dyslexia; some argue the irrelevance of using an IQ definition of leatning 
disabilities (Siegel, 1989; Stanovich, 1991a, 1994). The oveniding impression to 
emerge from the British Psychological Society's Working Party report was that the 
intelligence quotient is 'not the most important factor in assessment'. There n1ay be 
some justification in not using a measure of intelligence with very young children as it 
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has been shown that the correlation between IQ and reading is relatively weak. 
Although it may not be the most important factor for some psychologists, others would 
argue that the very bright dyslexic might snuggle and appear 'average', and as a 
consequence be subjected to the frustrations of underachieving in literacy skills. 
Whilst psychologists are the only ones allowed to use tests such as the Wechsler 
Intelligence Scale for Children and the British Ability Scales, alternative tests are 
available for use by teachers. An indication of one aspect of verbal ability, receptive 
vocabulary, may be obtained by using the British Picture Vocabulary Scale (BPVS; 
Dunn, Dunn, Whetton & Burley, 1997), whilst an alternative measure of expressive 
vocabulary may be achieved by use of the Mill Hill Vocabulaty Scale or the Crichton 
Vocabulary Scale (Raven, 1998). Altetnatively, many schools use tests of verbal and 
non-verbal reasoning with whole year groups as part of the screening process. One of 
the difficulties with standard fonnat verbal reasoning tests is they require a reasonable 
degree of reading proficiency to ensure success and it is often in this area that dyslexic 
children will sttuggle. Altetnative non-verbal tests that may be used are the Raven's 
Coloured Progressive Matrices or Standard Progressive Matrices (Raven, 1998). Taken 
together scores on verbal and non-verbal tests may indicate a significant difference in 
important areas of cognitive skill. 
In addition to establishing intellectual ability and attainment in literacy and numeracy 
educational psychologists and teachers will often seek to use diagnostic tests to elicit 
infotmation about specific skills related to reading and spelling. Quite a few of these 
tests focus on phonological skills because research has shown that these skills are 
predictive of later reading ability and have been closely linked with dyslexia. The choice 
of test is therefore largely dependent on the age of the individual being assessed. Some 
of the tests focus solely on phonological skills, such as the Phonological Abilities Test 
(PAT; Muter, Hulme & Snow ling, 1996) and the Phonological Assessment Battety 
(PhAB; Frederickson, Frith & Reason, 1997), 
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whilst other such as the Dyslexia Early Screening Test (DEST; Nicolson & Fawcett, 
1996) and the Cognitive Profiling System (CoPs; Singleton, Thomas & Home, 1998) are 
rather more eclectic in their approach drawing on more than one causal theory of 
dyslexia. 
A distinction can be made between screening and assessment. The former may be pal1 
of the formal baseline process made mandatory by the government in Septetnber 1998, a 
process of establishing the skills that young children bting to the fmmalleaming 
process, whilst the latter focuses on the individual child. The reason for a formal 
assessment is likely to be linked to lack of progress with reading and spelling, and 
ultimately all written language tasks, in order to establish a profile of strengths and 
weaknesses, which may indicate special educational needs. Typically, an assessment 
will combine measures of intellectual ability with attainment and diagnostic tests. The 
importance of combining these three types of assessment is that it allows an educational 
psychologist to make a judgement about the cause of the difficulties whilst determining 
whether or not the individual is dyslexic. An essential part of this process is to make 
recommendations about appropriate remedial teaching. It is also an in1p011ant pal1 of the 
assessment, and decision making process, to rule out possible medical problems such as 
poor vision, poor hearing, health factors, school attendance, and socio-economic 
background which may account for the difficulties being expetienced by the individual. 
1.3 .4 A typical educational psychologist's assessment 
Whilst it is acknowledged that it is likely that educational psychologists will approach 
the assessment situation with different causal theories of dyslexia in mind they tend to 
work within the framework outlined above of investigating background details, 
intellectual ability, cognitive skills and attainment as a matter of course. These four 
areas are of particular value in building a profile of an individual child's current level of 
functioning within the educational system. It also enables the educational psychologist 
to build a comprehensive picture of the child's strengths and weaknesses in order to 
make recommendations for appropriate suppm1, which will guide remediation by the 
specialist teacher if this is deemed necessary. Although children are likely to be referred 
for an educational psychology assessment for a variety of reasons the typical assessment 
outlined here focuses on the discrepancy model, which leads to a classification of 
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dyslexia. The rationale for outlining this approach as typical is that this was the model 
used in the assessment of dyslexia in the participants used in this research. 
In the initial stages of gathering information the educational psychologist is likely to 
want to investigate whether there were any possible developmental issues that might 
account for the apparent lack of progress that a child is making at school. Specific areas 
are likely to include birth details to eliminate physiological causes of difficulties such 
minor neurological damage; milestones in development such as walking and talking, all 
of which contribute important details in order to build a profile. This is supplemented by 
infmmation relating to the reason that the child has been refened for assessment. In 
addition, observational infmmation is included in the report that details the child's 
response to the assessment situation, covering such areas as tnotivation, application, and 
general demeanour. This is valuable information that will provide information about 
how the individual child approaches new or unfamiliar situations. 
The starting point for testing is usually an evaluation of intellectual ability. Although 
there are two intelligence tests mostly utilised by educational psychologists in the UK, 
the British Ability Scales (BAS; Elliott, Smith & McCulloch, 1996) and the Wechsler 
Intelligence Scale for Children -III (WISC-IIIUK; Wechsler, 1992), the WISC-IIluK 
seems to be the test favoured by the educational psychologists who assessed children 
tested in this thesis. This yields scores from a number of sub-tests to give a verbal 
intelligence quotient, a non-verbal or performance quotient, in addition to a full-scale 
intelligence quotient. The educational psychologist will give a brief description of each 
of the WISC sub-tests, which reflect different aspects of the cognitive skills evaluated to 
reach a decision about intellectual ability. Whilst numedcal values are attributed to each 
sub-tests, grouping sub-tests can be used to assess Verbal Comprehension, Perceptual 
Organisation, Freedom fi.·om Distractibility and Processing Speed. 
Attainment tests will cover areas of both literacy and numeracy. The sub-test for single 
word reading within the WISC is the Wechsler Objective Reading Dimensions (WORD; 
Wechsler, 1993). In addition an educational psychologist may utilise measures such as 
the Neale Analysis of Reading Ability (NARA; Neale, 1997) that allows investigation of 
accuracy, comprehension and rate of text reading. Spelling attainment will typically be 
measured by a single word, standardised test. Attainment results allow an investigation 
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of two areas: firstly, how the child is performing in comparison to his or her peers; 
secondly, how the results obtained compare with intellectual ability, an impol1ant aspect 
of consideration for the discrepancy based model of dyslexia. Within this area it is likely 
that the educational psychologist will take account of handwriting, basic ability to 
punctuate and express ideas effectively, as well as writing and reading speed. Closer 
inspection of results enables strengths and weaknesses to be analysed allowing the 
educational psychologist to make recommendations for specialist support. 
The major consensus that dyslexia is attributable to a core phonological deficit is often 
reflected in the diagnostic tests that an educational psychologist will use as part of the 
assessment process. For example, sub-tests such as rapid naming and spoonerisms taken 
fi:om the Phonological Assessment Battery (PhAB; Frederickson, Frith & Reason, 1997) 
may be used. Test selection is often dependant on the age of the child at the time of 
assessment, with the Phonological Assessment Battery covering the age range of 6 years 
to 14 years 11 months. However, with younger children it may be more appropriate to 
use the Phonological Abilities Test (PAT; Muter, Hulme & Snow ling, 1997) as this is 
recommended for use with children between the ages of 5 and 7 years. Although within 
the sub-tests of the WISC-IIIUK there is a test ofshot1-term and working memory in the 
fotm of a digit span test, this may often be suppletnented with the nonword reading sub-
test fi:om the Phonological Assessment Battery or the Children's Test ofNonword 
Repetition which is standardised with children aged between four and eight years 
(Gathercole & Baddeley, 1996). 
Selection of tests for the three main areas of intellectual, attainment and diagnostic very 
often reflect the preferences of individual educational psychologists and their belief 
about the underlying causal factors involved in the identification of dyslexia. However, 
the outline presented here is characteristic of the measures and methods used by 
educational psychologists to assess the cohort of children from which the study 
participants were selected. It therefore provides an outline of the way dyslexia will be 
viewed and assessed in these cohorts and provides a background for the studies 
incorporating dyslexic participants. 
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1.4 Overview of thesis 
The introduction of mandatory baseline assessment has provided the opportunity for 
researchers and practitioners alike to investigate the skills that very young children 
possess on entry to school, which may enhance their learning opportunities. However, 
there is still growing concetn amongst researchers that predicting those children that 
might be at risk of failure remains um·esolved even after two and a half decades of 
intensive research into the causes of reading disability or dyslexia (Wolf, Goldberg, 
Gidney, Lovett, Cirino & Monis, 2002). This has not been due to a lack of effo11 on the 
part of the research community in trying to establish precursors or predictors of later 
achievement; the major difficulty has been comparing and contrasting studies because of 
the wide range of measures which have been used throughout (Yopp, 1988). A fuller 
discussion of this issue may be found in Section 2.1, which outlines in greater detail the 
problems of interpreting findings. 
One of the potential benefits of the introduction of new legislation was that it would 
promote a search for measures, which might be beneficial in providing information 
about the skills young children have before fmmallearning takes place, and indicative of 
possible difficulties in becoming literate. However, whilst the govetnment 
commissioned two agencies, the Schools Cuniculum and Assessment Authority and the 
Qualifications and Cuniculun1 Authority, to develop a National Framework for Baseline 
Assessment, it soon became apparent that the plethora of approved schemes reflected the 
same potential problem as outlined by Yopp (1988) in her comments about compadng 
and contrasting measures (Wolfendale & Lindsay, 1999). The intention of this enforced 
screening of young children in their first term of formal schooling had the potential of 
establishing those who might be at risk of learning difficulties, whatever their cause, and 
the need to make provision to meet special educational needs. In this way, mandatory 
baseline assessment had the potential to influence pedagogical practices. In fact Lindsay 
(1998) argued that the purposes of such a scheme could be broadly divided into reasons 
that focused on the child and those that focused on the school. For example, child 
focused purposes might valuably include early identification of pupils with special 
educational needs (SEN), individual children's specific needs, a monitming procedure 
for all pupils, the identification ofleatning objectives and strategies for individual pupils, 
and segregation of children into ability groups. In contrast the school focus might be on 
resource planning, accountability, that is value added, budget detetmination and school 
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improvement. Both foci have impotiant implications for meeting the special educational 
needs of children. The child focus, which conectly identifies a child at risk of failure, 
allows for adequate provision to be made to meet needs; this in tutn allows a school to 
allocate funds appropriately. However, a high percentage of false positives means 
misappropriation of funding, whilst a high percentage of false negatives may prevent the 
identification and suppott of children with special needs at an early age. Hence the 
desire to find selective measures which can be used judiciously to identify children at 
risk. It was with the prospect of identifying early precursors of later literacy, and any 
apparent lack of such skills which might point to at risk factors, that prompted the 
undertaking of the two longitudinal studies detailed in Section 2. 
Although a wide range of screening tests is now available commercially, the one chosen 
to be used with the children patiicipating in the two longitudinal studies was that 
developed by Nicolson and Fawcett, the Dyslexia Early Screening Test (DEST; Nicolson 
& Fawcett, 1996). There are indeed a number of other screening tests available for pre-
school children, which measure a range of skills thought to be predictive of later 
achievement or failure. For exatnple, in the UK, the Cognitive Profiling System, the 
Phonological Abilities Test, the Phonological Assessment Battery and in the US, the 
Comprehensive Test of Phonological Processing (Singleton, Hotne & Thomas, 1998; 
Muter, Hulme, & Snowling, 1996; Frederickson, Frith & Reason, 1997; Wagner, 
Torgesen & Rashotte, 1999). One ofthe advantages ofusing the DESTwas that it 
provided norms for children across the age range of 4 years 6 months to 6 years 5 
months, which meant it was possible to use this screening test on both cohorts of 
children in the longitudinal studies (see Section 2), and to compare and contrast findings. 
In order to be able to make comparisons, two cohorts of children were selected from the 
same educational establishment to ensure comparative socio-economic status, 
educational opportunity and an assumption of at least average IQ at the outset of the 
studies. The DEST also has the advantage ofbeing standardised on over 1000 children 
from schools within the UK, making it ideal for use with the participants selected for 
both longitudinal studies. A fuller description of the components of the DEST can be 
found in Section 2. Of particular interest was that the developers of the DEST went 
beyond one of the most influential causal theories of dyslexia, the phonological deficit 
hypothesis, and drew on other possible sources of causation, such as an impairment in 
the magnocellular pathway which causes difficulties in rapid processing of auditory 
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stimuli, as well as Nicolson and Fawcett's own theory that argues that children have an 
automatization deficit as a result of impairment in the cerebellum, a general problem 
with automatising any skill, of which reading acquisition is just one aspect of these. 
There is substantial research evidence to support the use of the dyslexia-related measures 
Nicolson and Fawcett devised. They drew on the work of a number of prominent 
researchers in the dyslexia field and the breadth of the DEST was thought to be 
advantageous to use because it included tests of phonological awareness, verbal memory, 
motor skill, auditoty processing and rapid naming speed. There is always the chance 
that when using a broader spectrum of dyslexia-related measures that evidence might 
emerge to suggest support for an altetnative causal factor apart from the phonological 
deficit hypothesis. However, the focus of this research was to investigate specifically the 
phonological and rapid naming abilities of participants in all six studies outlined in 
Sections 2, 3 and 4, with altetnative measures being included to contrast the predictive 
validity of the phonological and rapid naming measures used. 
Whilst the range of dyslexia-related measures was considered advantageous the main 
focus on conducting the longitudinal studies in Section 2 was to investigate the extent to 
which measures of phonological skills and rapid naming speed are reliable predictors of 
later literacy attainment in pre-readers and beginning readers. In addition to the data 
obtained from using the DEST, data was collected at several points throughout the two 
studies on reading and spelling attainment. The dyslexia-related measures, reading and 
spelling attainment, could then be con1pared with the participants' final attainment in 
key areas of the national curriculum, as measured by the government's standard 
assessment tasks, the Key Stage 1 tests, administered at 7 years. The age of the 
participants, for initial collection of data, was different for each of the two studies; whilst 
the first study investigated pre-readers' skills, minimum age of 4 years 6 months, the 
second study looked at beginning readers in year 1, minimum age of 5 years 4 months. 
As such, there were some differences in the measures taken for each cohort due to the 
need to take age and educational experience of the children into account. For example, 
the pre-readers alphabetical knowledge was tested as a possible contender for predicting 
later literacy achievement. In contrast, the second study included standardised tests of 
reading and spelling ability at the start of the testing to allow a direct comparison 
between literacy attainment and the dyslexia-related measures included in the study in 
order to investigate which offered the best predictors of later literacy achievement. 
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To add another dimension to the research into phonological skills and rapid naming 
speed complementary cross-sectional studies, detailed in Section 3 of this thesis, were 
undel1aken in order to investigate the developmental differences that might differentiate 
dyslexics fi·om age matched controls. The primary goal was to identify whether these 
skills might identify underlying deficits that persist across the age span of 7 to 17 years. 
There is evidence that children, diagnosed as dyslexic in childhood, continue to display 
persistent difficulties with a range of skills even in adulthood (see Bruck, 1990, 1992, 
1998). There is also evidence that these persistent difficulties may change as a result of 
age and development (Btuck, 1990; Scarborough, 1989). That the identifying 
characteristics of dyslexia may not be fixed across the life span, with compensatory 
strategies developing throughout to improve certain skills, has been highlighted by a 
number of researchers (see Bruck, 1992; Pennington, Orden, Smith, Green & Haith, 
1990). However, as Snow ling points out even though 'dyslexia changes with age, 
phonological processing difficulties persist into adulthood, and verbal sho1t-term 
memory problems are ubiquitous' (Snow ling, 2000, p.198). Snow ling suggests that 
there is good reason to believe that 'behavioural manifestations depend on the age of the 
affected person and the extent to which they have received remediation' (Snow ling, 
1995, p.136). Further support for maturational differences comes fi·om studies of 
students in higher education. Several researchers who have investigated students in 
higher education have discovered a range of measures, which help to differentiate 
dyslexic adults from non-dyslexics. The findings indicate that some of the measures 
identified by researchers, focusing on childhood charactelistics of dyslexia, are still 
relevant when testing adults; other skills appear to have reached a level whereby they 
could be described as comparative to non-dyslexics, suggesting changes which might 
have con1e about as a result of maturation or intervention (Snowling, 1995). However, 
there are also mixed results from research. In a special issue of the Journal of Reading 
Research ( 1997), with a focus on identifying differentiating characteristics of adult 
dyslexics compared with controls, the results fi·om several studies suggest 
inconsistencies in findings. The ones cited here are not comprehensive accounts of all 
the measures used in each of the studies, but focus on the measures that are relevant to 
the cross-sectional studies outlined in Section 3. Everatt (1997) found that in his 
population of higher education students, rapid naming of colours and line drawings of 
familiar objects, when analysed, produced non-significant differences in contrast to 
39 
findings from studies with children (for example Denckla & Rudel, 1976; Nicolson & 
Fawcett, 1995). In contrast, Hanley (1997) repo1ted significant differences between 
dyslexics and controls in a picture naming task as well as phonological awareness tasks 
for those who still had persistent problems at the single word level. Snow ling, Nation, 
Moxham and Frith (1997) cited verbal fluency as an identifying charactetistic of their 
dyslexic population, in addition to a number of other phonological processing skills. 
Although the evidence points to the persistence of problems with some aspects of 
phonological processing there, is also evidence that a small percentage of the dyslexic 
population do not have significant difficulties (Hanley, 1997; Rack, 1997). This may 
well suppott Nicolson and Fawcett (1995) claim that dyslexia is more than a 
phonological deficit and other causal factors may be implicated in their difficulties, 
particularly the automatization ｾｦ＠ skills in general. 
Whilst the evidence outlined above gives some indication that there are persistent 
difficulties for dyslexic adults in higher education, the primary aim with the cross-
sectional studies undertaken in this research was to assess phonological skills, 
patticularly rhyme and alliteration fluency, across the intervening educational years, with 
the participants ranging in age from 7 years 8 n1onths to 16 years 5 months. A fuller 
description of the patticipants can be found in Section 3 of the thesis. Evidence that 
these skills are much poorer in dyslexic children was first highlighted by Bradley and 
Bryant (1983) who noted that there is a striking insensitivity to rhyme and alliteration in 
children who are 'backward' in reading; their inability to attend to the sound structure of 
spoken words is a clear indicator of future difficulties. The strength of their work was in 
combining their longitudinal study, which measured the ability of pre-reading children to 
categorise sounds in spoken words, with intensive training in sound categorisation for 
one group of children compared with alternate methods for other groups. They 
hypothesised that a child's expetience of rhyme before starting formal education was 
predictive of later success in reading and writing (Bradley & Bryant, 1983, 1985). Since 
their seminal work in 1983, there have been other studies that have investigated the 
rhyme and alliteration skills of very young children. For example, in a study by 
Maclean, Bryant & Bradley (1987), which tested very young children.of3 years of age, 
it was suggested that the skill of rhyme detection might be part of their expetience with 
nursery rhymes. One facet of this study was that their interest lay in not only these 
young, pre-school children's ability to detect rhyme and alliteration, but also their ability 
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at producing these two different categorisations of sound structures in words (Maclean et 
al., 1987). A more comprehensive discussion of the relevant studies appears in the 
introductory section of the first cross-sectional study outlined in Section 3. The rationale 
for choosing verbal fluency, defined as the ability to produce as many rhyming words 
and alliterative words under time constraints, was that this skill is likely to be at the 
higher skill level than recognition tasks (see Bunn, 1995, for a discussion of this issue). 
The progressive development of verbal fluency, which increases with age, is suppotted 
by nom1s in the Btitish Ability Scales, an intelligence test used widely in the UK (BAS; 
Elliott, MuiTay, & Pearson, 1978). 
This first cross-sectional study, which focused on phonological skills, was 
complemented by Study C2, which investigated whether there were any significant 
developmental differences in rapid naming speed, which would differentiate dyslexics 
from age-matched controls, in the age range 9 years 2 months to 16 years 11 months. As 
already outlined above, there is mixed evidence to suggest that rapid naming speed may 
or may not differentiate dyslexic from non dyslexic adults; of particular interest in the 
study undettaken was the investigation of whether rapid naming skills improved as part 
of a maturational process, demonstrating improved speeds of lexical access with age. In 
addition, there was the desire to evaluate whether age was an important factor when 
deciding which rapid naming task might differentiate dyslexics from non-dyslexics. 
There is some evidence from studies with participants in the age range 8 years to 16 
years that younger participants perfotmed rapid naming tasks more slowly than older 
participants, and that dyslexics perfotmed poorly in relation to non-dyslexics (see 
Nicolson & Fawcett, 1995). There is also a growing interest amongst a number of 
researchers who believe that rapid naming should not be subsumed under phonological 
processing (Bowers & Wolf, 1993; Wolf, 1991, 1997; Wolf, Bally & Morris, 1986; Wolf 
& Bowers, 1999; Wolf, Bowers & Biddle, 2000; Wolf, Goldberg, Gidney, Lovett, Cirino 
& Morris, 2002). These researchers have suggested the need to embrace more than a 
phonological deficit when attempting to identify causal factors that characterise dyslexia 
(see earlier discussions). A n1uch fuller discussion, of the origins of the hypothesised 
link between rapid naming speed and later attainment can be found in the introductory 
section of Study C2 of the cross-sectional studies. 
41 
In the longitudinal studies both phonological skills and rapid naming speed were 
investigated as possible predictors of later literacy skills. The cross-sectional studies 
added to the research by investigating the developmental path of these skills. In 
addition, to complement these two sections, training studies were undet1aken in order to 
evaluate any positive outcomes from focusing teaching on the phonological aspects of 
words in Study R1 and from improving speed of processing in Study R2. Tlte focus of 
each of the two studies outlined in Section 4 was very different. Whilst Study R1 drew 
on, and extended, the previous research findings that have appeared in the literature over 
the last two decades, Study R2 implen1ented a new training design in order to attempt to 
remediate speed of processing, defined as the ability to rapidly name digits and outline 
drawings. The two remediation studies sought answers to two interrelated questions: 
firstly, whether the chosen method of remediation affects the outcome; secondly, to 
investigate if the deficits that have been identified are easily remediated. 
The majority of training studies conducted in the past two decades have focused 
specifically on the use of linking the training of phonological skills to reading insttuction 
(see Hatcher, Hulme & Ellis, 1994 for a review). However, other researchers have 
focused on different aims. For example, Nicolson, Fawcett, Moss, Nicolson & Reason 
(1999) used the DEST to identify children at risk of reading difficulties before the age of 
6 years and undertook small-group interventions lasting 3 to 4 months. The rationale 
behind this was to provide cost-effective remediation, evaluate the efficacy of such an 
approach, and determine fi·om the outcome, which children might need to have 
continuing suppo11. The aim of intervention Study Rl, outlined in Section 4 of the 
thesis, sought to approach remediation in a similar way to that taken by Nicolson et al. 
(1999) by providing small group suppoli. The ages of the participants ranged from 5 
years 6 months to 6 years. Group allocation was based on educational requiren1ents after 
extensive testing at the outset, using DEST and other attainment measures 
comprehensively outlined in Section 2. In addition, decisions regarding group allocation 
were made after discussion with teachers and the special needs co-ordinator. A more 
detailed analysis of group characteristics is outlined in Section 4. The intervention had 
several aims: to identify those children at risk of reading failure before 6; to provide 
sn1all-group, cost-effective intervention over 10 weeks, with two sessions per week; to 
evaluate the efficacy of commercially available programmes for use in tt·aining children. 
The three programmes chosen were Sound Linkage (Hatcher, 1994); Star Track Reading 
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and Spelling (Beadle & Hampshire, 1997); and Launch into Reading (Ottley & Bennett, 
1997). Each programme offered a slightly different approach and adaptations had to be 
made to ensure that each could be used in a group setting. In essence, if this approach is 
successful with young children, based on a 1 0-week intervention period, then it is 
possible that more cost-effective work may be implemented in schools sooner rather than 
later, early on in a child's education when it becomes apparent that phonological skills 
are not developing in line with peers. More importantly, small-group cost-effective 
intervention at the right time may also ensure appropriate access to the national 
cuniculum preventing severe literacy problems taking their toll. 
The impot1ance of accuracy and fluency in reading continues to be at the centre of both 
the British Psychological Society's working definition of dyslexia and reading research. 
The phonological deficit hypothesis has played a key role in the studies undet1aken in 
this research but of equal impot1ance has been the development in areas investigating 
speed of processing, defined in this instance as the ability to access rapidly information 
held in the lexicon. Wolf and her colleagues continue to work on programmes of 
intervention that focus on the concept of more than one core deficit being responsible for 
the problems experienced by dyslexics. Since 1993, Bowers and Wolf have argued that 
symbol naming speed contributes variance to reading, notably reading fluency, 
independent of phonological awareness, and that a different approach needs to be taken 
to try to ren1ediate this specific difficulty. A number of research programmes have 
adopted such an alternative approach, but the ones of most relevance to the work 
presented in Section 4 of the thesis were the studies undertaken by Yap and van der Leij 
(1993, 1994). In a series of longitudinal, cross-sectional and insttuctional studies they 
looked at speeded and unspeeded perfotmance of dyslexics on reading tasks. Their work 
is outlined in detail in the introduction to Study R2 of Section 4. Study R2 in Section 4 
used a bespoke, computerised training programme to investigate whether the method of 
remediation affected outcome and whether any evidence would emerge to suggest 
remediating deficits in speed of processing was possible. All the participants had been 
assessed by an educational psychologist and classified as dyslexic. The challenge of 
finding an effective method of remediating those individuals who exhibit rapid naming 
deficits continues to be an inttiguing one, especially given the difficulties in remediating 
those individuals who are classified as 'tt·eatment resisters'. 
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In summary, the aims of the research presented in this thesis focus on the key areas of 
phonological skills and rapid naming since both of these continue to feature prominently 
in dyslexia research. A multi-method approach was taken to investigate these factors. 
This involved longitudinal, cross-sectional and remediation studies. The initial challenge 
faced by all those involved in the education of young children remains: the identification 
at the earliest opportunity, of those at risk of literacy difficulties in order to offer special 
educational support and allow such individuals to reach a standard in education 
commensurate with the demands of a literate society and avoid difficulties that 'act as 
ban'iers to educational, social, educational and vocational oppotiunities' (BPS, 1999, 
p.8). The ain1 of the longitudinal studies was to investigate the measures of phonological 
skills and rapid naming as predictors of later literacy attainment in both pre-reading 
children and those in the early stages of fotmalleatning. The challenge was to discover 
if both measures were effective at identifying leatners at risk of later failure. In addition, 
the choice of the cohorts made it possible to evaluate whether the predictive validity of 
measures used was age-related. The longitudinal studies also allowed the opportunity to 
compare and contrast these two key factors of phonological skills and rapid naming 
speed with other dyslexia-related measures and school-based attainment measures with 
the potential of detetmining whether a single measure, or a combination of measures, 
may prove most effective at predicting future literacy skills. Additionally, research 
details the way manifestations of dyslexia change over the developmental pedod. As 
such, there is still the need to research significant developmental differences in 
phonological skills and rapid naming skills and how these attempt to differentiate 
dyslexics fi.·om matched controls. As such, the first two intell'elated issues drove the 
cross-sectional research: that is whether age is an important factor when deciding which 
measure to use to differentiate dyslexics fi:om non-dyslexics; although a second aim was 
to investigate how phonological skills and rapid naming improve with age amongst 
dyslexic individuals. Lastly, evidence from the research studies outlined in Section 4 
was used to evaluate the efficacy of remediation techniques based on improving 
phonological skill and rapid naming in children. A key issue was to discover if these 
deficits were easily remediated. Taken together, these studies should address a range of 
issues related to phonological processing skills and rapid naming ability and their 
relationship to dyslexia and literacy acquisition. 
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Section 2 
2 Longitudinal Studies 
2.1 Introduction to longitudinal studies 
After two and a half decades of research investigating the causes of reading disability, or 
dyslexia, the focus since the end of the last century has been on the early identification of 
children at risk of literacy acquisition problems. According to son1e researchers 
prediction continues to remain one of the most 'unresolved areas in reading research 
literature' (Wolf, Goldberg, Gidney, Lovett, Cirino & MotTis, 2002, p.51). Many studies 
have been undertaken since the late 1980s in an attempt to predict dyslexia from 
kindergarten or reception class measures (see for example Badian, McAnulty, Duffy & 
Als, 1990; Blachman, 1984; Elbro, Borstr0m & Petersen, 1998; Felton, 1992; Felton & 
Brown, 1990; Muter, 1998; Gallagher, Frith & Snowling, 2000; Scarborough, 1989). 
Yopp (1988) points to the difficulties in establishing validity and reliability of the 
measures used because of the vast range of measures, which make it difficult to compare 
and contrast results. One of the reasons for this appears to be the heterogeneity of the 
group of individuals who go on to be identified as dyslexic, which appears to suggest 
different measures may identify different underlying difficulties. It is essential that an 
individual measure, or a combination of measures, is/are identified as being predictive of 
children's later progress in literacy skills. The reported heterogeneity of the dyslexic 
population appears to suggest that what is needed is a combination of measures that may 
tap different underlying cognitive processes, which in tutn might point to alternative 
methods of remediation. A unitary approach, which only acknowledges the phonological 
core deficit for example, tnay fail to identify all those children who may be at risk. If the 
unitary approach is insufficient, the end result will be an increase in the number of 
children who require special support not being assessed, with potentially catastrophic 
effects for these children at an early stage of their educational instruction. Therefore, the 
emphasis remains on the ability of any measures used to predict variance in literacy 
skills before a child fails to progress educationally as lack of progress creates 
'educational, social and vocational barriers' (BPS, 1999, p.8). 
Much of the focus in recent years has been on ensuring that young children entering 
formal education manage to acquire essential literacy skills that underpin the progress 
they will make throughout their schooling. The government has sought to take an active 
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role in ensuring that certain educational standards are reached through the introduction 
of baseline assessment and the National Literacy Strategy. Since the autumn of 1998, 
primary schools in England have been required by law to implement a baseline 
assessment schen1e. According to the Education Act of 1997 the purpose of this school-
based assessment is to provide a guide to the child's level of functional ability and aid 
future planning of education. It is also assumed that it will provide all professionals 
involved in the education of primary school children with a benchmark by which they 
will subsequently be able to gauge the 'distance travelled' in terms of achievement. In 
addition it is hoped that in line with the recommendations of the Education Act of 1993, 
and the subsequent Code of Practice (1994; 2001 revised), improved identification of 
children with developmental and educational difficulties should happen as quickly as 
possible in order to meet these children's individual needs. Allocation of resources to 
remediate any identified areas of difficulty may thereby prove to be more effective 
educationally and, of equal importance, more cost-effective than waiting for problems to 
manifest themselves when children fail to meet literacy attainments by the age of7 to 8. 
However, legislation and identification do not necessarily work in tandem. One of the 
overriding concetns of those who have investigated the introduction ofbaseline 
assessment schemes was the number which had received accreditation by the 
Qualifications and Assessment Authority (QCA), in excess of ninety (Wolfendale & 
Lindsay, 1999). Some of these schemes had been developed by Local Education 
Autho1ities (LEAs), but many more had been developed independently by other 
organisations. Although some schemes, for example the Cognitive Abilities Profile 
(CoPs, Singleton, Hmne, Leedale, 1997), underwent the process of ensuring technical 
quality was not questionable and therefore received accreditation, there are many 
subsequent schemes that have not had to demonstrate technical quality in order to 
receive accreditation from the govetnment' s Schools Curriculum and Assesstnent 
Authority (SCAA). 
In fact Singleton, Hotn and Thomas (1999) state: 
The establishment of a baseline against which future progress may confidently be evaluated 
and the identification of children who may have difficulties or special educational needs, are 
both fonnidable tasks that ideally call for a normative approach based on objective data. 
(Singleton et al., 1999, p.68) 
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This makes it difficult to decide which measures might predict later literacy 
achievement. It could be argued that the commercial availability of more screening tests 
appears to be largely a response to govetnment legislation rather than an assurance that 
such tests will provide valid and reliable means to identifying children 'at risk'. 
In tandem with the aim to measure children's skills on entry to school in 1998 the 
Department for Education and Employment (DfEE) launched the National Literacy 
Strategy Framework for Teaching (NLS) in an attempt to raise the standards oftea9hing 
of literacy skills in primary schools. This framework provides a prescdptive teaching 
programme based on research evidence of the development of children's initial skills in 
the early education years, particularly the role of phonological processing (Department 
for Education and Employment, National Literacy Strategy, 1998). Specific emphasis 
has been placed on the initial years of education with the National Literacy Strategy 
Framework for Teaching for the Reception Year. The intention was to cover the initial 
development of foundation skills so essential to progression in reading ability. It 
provides a definition of literacy as uniting 'the important skills of reading and writing' 
(Department for Education & Employment, National Literacy Strategy, p.38). These 
issues have become closely related to the identification of dyslexia, with professional 
bodies focusing on dyslexia as being 'evident when accurate and fluent word reading 
and/or spelling is learnt very incompletely or with great difficulty' (British 
Psychological Society's Working Party report of the Division of Educational and Child 
Psychology, 1999, p.8). 
The difficulty, however, appears to rest with pinpointing more specifically the skills 
which are predictive of reading success or failure by the time the child reaches the end of 
Key Stage 1, the govetnment's Standard Assessment Tests intended to monitor the 
national standards of attainment in three key areas of the curriculum: English, 
mathematics and science. It could be argued that failure to raise standards of children's 
education in the primary school years has an ongoing impact on their ability to access 
the cuniculum as they move onto secondary education. It may also have employment 
consequences for those failing to reach the national standards in core subjects, which in 
tutn might have an impact on a nation's economy. If earlier screening, coupled with 
effective delivery of a national literacy strategy, is likely to identify those at risk and 
offer earlier rather than later intervention then this ought to be a valid goal. The 
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rationale for wanting earlier effective screening tools in order to implement remediation 
sooner makes economic sense as well as preventing the onset of any problems late 
identification may cause to the children concerned. The key to effective support, 
therefore, appears to rest on the predictive validity of the tests used. Professionals need 
to have confidence in the selection of a screening test, certainly in its ability to identify 
accurately those in need of intervention. Alternatively, they need to feel that the 
measures they would otherwise use, for example school-based attainment measures of 
letter knowledge and later standardised reading and spelling tests, will afford the 
necessary information in order intervene sooner rather than later. 
One of the primary aims of conducting the longitudinal studies outlined in this section 
was to investigate the extent to which measures of phonological skills and rapid naming 
skills are predictors of later literacy attainment in both pre-reading children and those in 
the early stages of formal learning. Two intetTelated issues will be addressed: (i) 
whether measures of these two processes will be equally effective at identifying learners 
'at tisk' of later literacy problems, including an evaluation of whether these measures 
offer predictive validity for literacy skills; and, if so, (ii) will this effectiveness be related 
to the age of the child tested? To investigate these issues, a range of dyslexia-related 
measures was taken from the Dyslexia Early Screening Test (DEST; Nicolson & 
Fawcett, 1996). The rationale for using these measures is that they were standardised on 
over 1000 children fi·om schools in the UK, with at least 100 children at age 4:6 to 4:11, 
5:0 to 5:5, 5:6 to 5:11 and 6:0 to 6:5. The designers argue that the test's components are 
based on established findings in the literature and use this as evidence of the test's 
validity as a dyslexia screening tool (see also Nicolson & Fawcett, 1995). There is also 
an argument for using tests that draw on a range of possible causes of dyslexia, rather 
than limiting the focus to phonological skills (see Section 1). Of particular note is that 
the measures were developed by drawing on three possible hypotheses of causation: (i) 
that there exists a core phonological deficit; (ii) altetnatively, there is an impaitment in 
the magnocellular auditory pathway which causes difficulties in rapid processing of 
auditory stimuli; (iii) or lastly that dyslexic children have difficulty in automatising skills 
as a result of an impairment in the cerebellum. The range of measures used in the DEST 
covers phonological skills, rapid naming ability, working memory processes, temporal 
processing, motor-related skills deficits, visual recognition, as well as educational 
attainments in tetms of letter and digit knowledge. 
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Two of the dyslexia-related measures used in longitudinal Study Ll and Study L2 focus 
on early phonological skills, the Rhyme/First Letter Sound test and the Phonological 
Discrimination test. Section 1 offers a detailed discussion of the developmental 
progression of children's phonological skills, highlighting the fact that many children 
have pre-school experience of rhyme, a skill that has shown to be predictive of later 
reading ability, and therefore its inclusion in a screening test is of importance when 
assessing very young children's skills (Blachman, 1984; Bradley & Bryant, 1983, 1985; 
Bryant, Maclean, Bradley & Crossland, 1990; Maclean, Bryant, & Bradley, 1987). Of 
patticular note is Goswami and Bryant's model of reading and spelling development 
where the ability to segment at the onset-rime level is one of the first skills to emerge 
(Goswan1i & Bryant, 1990). It is therefore of interest to examine whether the sub-test of 
Rhyme/First Letter Sound plays a significant role in predicting children's later literacy 
attainment. However, the combination of two separate stages in the development of 
phonological awareness may confound the results as it could be argued that this sub-test 
combines items that require an appreciate of rhyme with those that require the 
identification of the initial phoneme within a word. 
It will also be of interest to compare the phonological skills of pre-readers with those of 
beginning readers in light of the pioneering word of Isabelle Liberman and her 
colleagues which has had a lasting effect on research in this field; she was one of the first 
to identify that a crucial element in a child's understanding is that speech can be 
segmented into units of sounds and that these sounds can then be represented in printed 
form (Liberman, Shankweiler, Fischer & Carter, 1974). A fuller discussion of the 
development of phonological skills is outlined in Section 1. Whilst they established the 
progression of skills, from the youngest learners able to segment at the syllable level to 
the oldest leatners' ability to manipulate phonemes, Libetman et al. (1974) did 
acknowledge fi·om this particular experiment that it was difficult to judge whether 
maturational changes or the effects of instruction were responsible for the significant 
increase in these abilities. Furthetmore, they suggested that a child's ability to 
distinguish easily the difference between two words such as 'bat' and 'bad' does not 
imply 
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[T]hat he can therefore respond analytically to the phonemic structure that underlies the 
distinction -that is, that he can demonstrate an explicit understanding of the fact that each of 
these utterances consists of three segments and that the difference lies wholly in the third. 
(Libetman et al., 1974, p.203). 
·An analysis of the skills den1onstrated by the participants in Study Ll at the outset of the 
study will be compared with Study L2 participants, a year older at the initial screening. 
It is anticipated that a greater percentage of the older cohort in Study L2 will be able to 
perfotm the phonological awareness tasks successfully; in essence evidence of 
improvement with age. The Rhyme/First Sound Detection measure used in these two 
longitudinal studies was included to establish whether there is evidence to confirm such 
measures are good predictors of future literacy attainment. It should also be possible to 
explore a developmental trend in this skill. If this is one of the first skills to emerge then 
there should be fewer children in the younger cohoti, Study L 1, that achieve success 
when compared to the older children in Study L2. 
Whereas the phonological deficit hypothesis has gained momentum since the early 
1980s, the ability of rapid automatised nan1ing tasks as predictors of reading 
achievement has only recently begun to dominate reading disability research. Since 
1965, when Geschwind hypothesised that tasks which require rapid access to lexical 
information might in some way reflect reading processes, many researchers have gone 
on to contend that this process of rapid retrieval of information ought to be viewed as a 
tnajor and prevalent characteristic of the reading disabled, a second core deficit (Bowers 
& Wolf, 1993; Denckla & Rudel, 1974, 1976; Spring & Capps, 1974; Wolf & Bowers, 
1999). Tasks in this area may offer a simple and effective predictor of children at risk of 
failure in literacy acquisition. Section 1, the introduction to this research thesis, outlines 
in detail the issues that relate to accurate and fluent word reading and the possible 
interrelated role of rapid automatised naming. Whilst the argument continues about 
whether to subsume rapid naming under phonological skills (e.g. Wagner & Torgesen, 
1987) active research is being maintained in order to show that this measure contributes 
variance to reading, notably reading fluency, independent of phonological awareness 
(Wolf & Bowers, 1993; Wolf & Bowers, 1999). Wolf and her colleagues have argued 
strongly in favour of phonology and rapid naming speed representing two independent 
deficits (e.g. Wolf, Goldberg, Gidney, Lovett, Cirino & Monis, 2002). They raise the 
issue, which is particularly pertinent to any research trying to identify predictors of later 
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reading ability, that if this is the case then the implications are of paramount importance 
for diagnosis and related intervention. If this is the case it lends support to the idea that 
diverse measures may identify differing difficulties in the dyslexic population apart from 
the phonological deficit. This can be regarded as an impm1ant factor in considering 
which measures to adn1inister to very young children, especially for pre-readers and 
those in the stages of beginning to acquire reading skills. It is for this reason that a rapid 
naming task has been included in the test batteries used in the research presented here. 
The two longitudinal studies presented sought to contrast the measures of phonological 
skills and rapid naming speed with other dyslexia-related tneasures and school-based 
attainn1ent measures to assess which offer the better predictors of later literacy 
attainment. In addition, the focus will be on evaluating which of these measures are 
effective at identifying learners 'at risk' of later failure and whether the predictive 
validity is an age-related issue or not. It may be that age is an important factor when 
deciding which measure, or measures, to use to identify those at risk. In order to 
examine these factors Study Ll was designed to evaluate the skills in pre-readers whilst 
Study L2 investigated the skills of those in the early stages of forrilal leatning. Both 
studies take the final measure of achieven1ent from the results of the national curriculum 
Standard Assessment Tests, namely Key Stage 1, taken in Year 2 when the children were 
approximately 7 years old. The mean age of the children in Study Ll and Study L2 at 
the time of the Key Stage 1 tests was 7.23 and 7.24 respectively. 
2.2 StudyLl 
2.2.1 Introduction 
Study L 1 was undet1aken to investigate which emergent skills of pre-literate children are 
likely to predict future literacy attainment and be useful in helping to identify children at 
risk of literacy difficulties or dyslexia. The study followed the children tested fi:om theii· 
entry into reception class until the end of Year 2; that is, three years of education. The 
dyslexia-related measures used in this study assessed the children's literacy skills, 
phonological awareness, verbal memory, motor skill and auditory processing. In 
addition, measures of letter knowledge, names and sounds of lower and upper case 
letters, nonword reading and rhyme judgement were also included. These latter 
measures were pat1 of the standard process of assessment used within the school context 
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at the end of the reception year to ensure that the children were progressing 
satisfactorily. 
At several stages duting the study, the children were assessed on their progress in 
literacy. The focus ofthe analyses was which, if any, ofthe dyslexia-related measures 
used in the study, either alone or in combination with school-based assessment 
procedures, could reliably predict literacy at each of the points of assessment. Analyses 
therefore focused on the degree of relationship between predictor and outcome measures, 
and specifically contrasted the level of prediction provided by the different dyslexia-
related and school-based assessment measures used. These analyses should inform 
procedures for selecting approptiate measures for use in screening tools as well as 
theories of literacy acquisition and literacy problems. 
2.2.2 Method 
2.2.2.1 Participants 
Out of a total of 48 boys who were attending the reception class of an independent 
school in the South-East of England, 46 were selected to patiicipate in the study. The 
two boys who were not selected were omitted because they fell below the lower age limit 
of 4 years 6 months as designated by the designers of the DEST. Attrition of one child 
after the initial stage of testing, due to family reasons unrelated to the study, reduced the 
number to 45. Results are reported for these 45 only. At the start of the study, the boys 
were aged between 4 years 6 months and 5 years 4 months (mean age 4.87, SD 0.29). 
The cohort selected was a relatively homogenous group in tetms of socio-economic and 
educational background, with the majotity from middle class backgrounds and 
professional occupation parents. Neither socio-economic nor educational background 
factors, therefore, would be likely to lead to literacy acquisition problems in this cohot1. 
A single sex cohort is likely to be at a similar level of development in terms of language 
experience and some research suggests that boys are more likely than girls to be dyslexic 
(e.g. Miles, Haslum & Wheeler, 1998). School records indicated that none of the boys 
tested had a known physical or neurological deficit that might interfere with educational 
achievement. This cohot1, together with the participants in Study L2, were selected 
because research suggests more boys than girls go on to be diagnosed as dyslexic or 
identified as having literacy problems with the most recent study by Rutter et al. (2004) 
52 
appearing to confirm this (Rutter, Caspi, Fergussen, Hotwood, Goodman, Maughan, 
Moffit, Meltzer & Carroll, 2004). It was hoped that future research could utilise 
infotmation from the longitudinal studies of any boys who were later assessed and 
classified as dyslexics complementing current research findings of the diverse and 
complex nature of dyslexia in children through single case studies analyses. 
The school's procedures provided an ideal opportunity to contrast its own tests with 
those of the dyslexia-related measures taken from the DEST. Although the selected 
cohort means that caution needs to be taken before generalising findings to all children, 
it provides an appropriate sample on which to assess the effectiveness of the DEST and 
its sub-tests for the target population proposed by the test designers; that is all children at 
school entry. If the test fails in its predictive validity with the present cohort, the 
envisaged target population needs to be re-detetmined. 
2.2.2.2. Materials and Procedures 
2.2.2.2.1 Phase 1 (Mean age 4.87, SD 0.29, UK Reception Class) 
The initial screening procedure consisted of nine of the dyslexia-related tests taken from 
the DEST. The postural stability test was excluded from the testing procedure due to 
problems with parental approval. Raw scores for all these measures were used in the 
regression analyses. 
Each child was individually assessed by one of two testers who were trained fully in the 
administration of the assessment tests. Testing took place away from the classroom, in a 
quiet room without any distractions. The nine dyslexia-related measures were 
administered in one session lasting approximately 20-25 minutes. 
Each of the measures used allowed for practice items to be administered. Both the tests 
of Rapid Naming and Bead Threading were timed. The order of the sub-tests followed 
that in the manual except that Digit Span was interposed between the sub-test of 
Phonological Discrimination, sub-test 3, and that of Rhyme/First Letter Sound 
Detection, sub-test 5. This was based on the advice offered in the manual to avoid 
confusions that might arise due to the similarity of the Phonological Discrimination and 
Rhytne/First Letter Sound tasks. 
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The designers of the DEST classify the tasks as either attainment tests or diagnostic 
tests. They explain that the results from the two attainment tests of letter nanling and 
digit naming as largely dependent on the amount of pre-school teaching a child may 
have had, whereas the diagnostic tests are 'theoretically motivated', identifying deficits 
in areas such as phonological processing believed to be associated with dyslexia. As 
such they believe that the combination of attainment and diagnostic tests provide the 
most effective method of identifying children at risk of later failure (DEST; Nicolson & 
Fawcett, 1996). A typical dyslexia assessment would incorporate both attainment and 
diagnostic tests (see Section 1, sub-section 1.3 .4, which details the assessment of 
potential dyslexia). 
2.2.2.2.2 Dyslexia-related measures 
Rapid Naming (diagnostic). 
This test assessed the time taken by the child to name 40 simple but familiar outline 
pictures arranged in a matrix of5 x 8. The first halfofthe sheet of20 outline pictures 
was used for practice purposes and ensured knowledge of the object names. If mistakes 
were made, or hesitations occul1'ed, the practice session allowed the assessor to provide 
the child with the right object name. The main test comprised all40 outline pictures. 
Time penalties were given to penalise el1'ors: 5 seconds was added for each mistake 
made and 10 seconds if a child lost his place and it became necessary to provide the 
child with a plain piece of card under the current line of pictures in order to continue 
with the test. The provision of this 'lose-place card' incurs a penalty of 10 seconds, 
which is added to the overall time taken to complete the task. 
Bead Threading (diagnostic) 
This task measured the number of beads that a child could thread in 30 seconds holding 
the string in their writing hand. Practice trials allowed the child to see what was 
required. This was followed by practice threading of two beads. Then the children 
undetwent the actual testing during which they were required to stand up, hold the string 
in their writing hand ensuring that it hung down and asked to use beads frmn a basket 
placed on the table in front of the child. A stopwatch was started the moment the child 
touched the first bead. It was stopped after exactly 30 seconds. The child was 
encouraged not to pick up dropped beads. If a child dropped the string the test was 
started again. 
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Phonological Discrimination (diagnostic) 
This was a test of auditory discrimination that required the child to detect subtle 
differences in spoken words (e.g. 'pat- bat' versus 'dog- dog'). The child was asked to 
respond 'same' if they sounded exactly the san1e, or 'different', if not, according to the 
pairs of words presented. There were 3 practice items, plus 2 additional items for those 
who had not responded cotl'ectly. This was followed by the main test of 9 two-word 
items. 
Digit Span (diagnostic) 
This task used a prepared tape on which digits were spoken at intervals of one per 
second. The child was required to listen to sequences of digits and repeat these in order. 
Beeps indicated the start and end of each series of digits. Practice items allowed the 
administrator to pause the tape after presentation of each series to help explain the 
procedure. The first practice item comprised a single digit, followed by 2 digits and 3 
digits. Further practice items were offered if the child had not understood the 
requirements of the task. The main test followed this practice procedure, beginning with 
two strings of 2 digits and increasing incrementally by one digit every two sequences up 
to a maximum length of 8 digits. Discontinuation of the test followed two inconect 
responses at any length. The number of sequences conectly repeated was the measure 
used for this task. 
Rhyme/First Letter Sound (diagnostic) 
This task involved two parts. Pa11 1 assessed the ability to detect whether two spoken 
words rhyme with simple 'yes' or 'no' responses required (e.g. 'cat- bat'; 'dig- hill'). 
Four practice items were used, with 2 additional pairs of words for a child who did not 
appear to have grasped the idea. The main test comprised eight pairs of words. Part 2 
required the child to identify the first letter sound in a word. In all cases, this was the 
initial phoneme, defined as the 'onset' by Nicolson and Fawcett (1996). The child is 
asked 'to listen to some words and see if you can pick out the first sound. Like the 'big, 
bouncy bed' all start with a 'bub''. The child was then asked to indicate the first letter 
sound of a practice item 'cat' and requested to give more words beginning with a /k/ 
sound. There followed a further 3 practice items where the instruction to the child was, 
'Now can you tell me the first sound of this word?' At all times conective feedback was 
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offered. The main test comprised 5 further items: 'dog', 'sack', 'hat', 'tap' and 'net'. 
Responses for conect initial sounds were recorded. Scores for the Rhyme Task and First 
Letter Sound Task were combined to produce a total out of 13. 
Digit Naming (attainment) 
This task assessed the ability of the child to name digits. Following practice at naming 
the digits '1' and '2', the child was required to name the following sequence of digits: ' 
4, 8, 3, 9, 5, 7, 6'. The score was 1 point for each conect response given. 
Letter Naming (attainment) 
This task tested the child's knowledge of letters. CotTect responses petmitted by the 
manual insttuction comprised either the name of a letter or its associated sound. Practice 
was provided using a card with the letters 'c' and 'a' written on it. Three separate cards 
were then used for the main test. These contained the letters 't, s, d, e, w, o, b, q, n, y', 
with 1 point for each conect response given. 
Sound Order (diagnostic) 
This test involved the presentation of two tones on a tape of a simulated 'quack' to 
represent a duck, and a simulated 'squeak' to represent a mouse, with the time between 
the sounds being reduced fi:om 94 7 ms intervals for the first two itetns to 
8 ms intervals for the last two items. Practice items consisted of three trials with 
conective feedback. It was petmissible to pause the tape after every pair of sounds in 
the practice session in order to give the child time to respond. The task required the 
child to indicate which of the two distinct sounds, described above, occuned first. The 
main test followed, without the provision of pausing the tape, with the number of correct 
responses out of a possible 16 items used as the measure of perfotmance. The rationale 
offered for including this sub-test as a measure was based on Tallal's (1980) theory that 
some children with dyslexia or language difficulties have an underlying deficit in the 
detection of 'rapid consonant changes' (Nicolson and Fawcett, 1996, p.58). 
Shape Copying (diagnostic) 
This task required the child to copy four simple geomettical shapes after the practice 
item of drawing an 'X'. Scores are based on accuracy of drawings derived from a 
marking scheme provided in the test manual. 
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2.2.2.2.3 Calculating the At Risk Quotient 
The raw score for each sub-test was compared with the manual's age appropriate norms 
and allocated an 'at 1isk index' in the form of indices which were recorded as follows: 
( --) indicating well below average perfo1mance (bottom 10% ); (-) indicating below 
average perfo1mance (bottom 10%- 25%); (0) is no1mal (26%-75%); (+)is above 
average (76%-90%); and(++) is well above average (top 10%). These, in tum, were 
allocated a numerical score to indicate 'at risk'/ 'not at risk':(--)= 2; (-) =1; and (0), (+) 
and(++) all scored 0, in order to work out the quantitative or combined sub-test scores 
constituting the 'at risk quotient' (ARQ). When all the numerical scores have been added 
up these are then divided by the number of sub-tests used. "An ARQ of 1 or greater is 
strong evidence of being at 1isk" (Nicolson and Fawcett, 1996, p.18). 
Although teachers may use the DEST for the purposes of screening very young children 
at risk for reading failure, in order to determine through the global ARQ those for whom 
further assessment or intervention may be appropriate, this was not the method adopted 
for these longitudinal studies. In both studies Ll and L2 raw scores on all measures 
were used to compute the results in the regression analyses. 
2.2.2.2.4 Phase 2 (Mean age 5.21, SD 0.30, UK Reception Class) 
Approximately 5 n1onths after the initial screening, at the end of one year in the 
reception class, tests of letter nan1es and sounds, using both upper and lower case letters, 
nonword reading, and a test of rhyme detection were administered. These were given 
individually to children by one of the school's specialist teachers who were h·ained in 
assessment techniques. Testing was performed away from the mainstream classroom, in 
a quiet room without distractions. All tests were perfo1med consecutively and 
completed within approximately 15-20 minutes. 
Letter Knowledge 
This grapheme/phoneme coiTespondence test was taken from the Aston Index (Newton 
& Thomson, 1982). Lower case letters were presented on individual cards in the order 
designated by the test designers. The child was asked to state the letter sound for each 
letter. The procedure was then repeated, this time with the child stating the letter name 
for each letter. The same procedure was followed for upper case letters, presented in a 
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different random order as designated by the test designers. Raw scores were recorded 
separately for all 4 tests, providing four scores, each out of a maximum of 26. 
Nonword Reading 
A 12-item nonword reading test was used as the middle task at this stage. This involved 
the child reading nine eve letter strings (e.g. 'sab') and three cvcc or ccvc letter 
strings (e.g. 'dack') aloud. The number of readings that conformed to grapheme-
phoneme conespondence tules was used as the measure for this task. 
Rhyming Test 
The rhyming test used was Activity 2 of the Hatcher (1994) 'Sound Linkage' 
programme. In this test the administrator presents two words orally and the child is 
asked to say whether or not the words rhyme, for example 'night -light'; 'far- wide'. 
The child's verbal YES/NO responses were recorded and the number conect out of 16 
used as the test measure. 
2.2.2.2.5 Phase 3 (Mean age 5.98, SD .30; UK Year 1) 
In March 2001, 14 months after the initial screening, tests of single word reading and 
spelling were administered. The first of these tests was the Schonell Single Word 
Graded Reading Test (Schonell and Schonell, 1956). The second attainment test was the 
Vernon Graded Word Spelling Test (Vetnon, 1997). Raw scores were used for both of 
these tests. Conversion to reading-age equivalents was not appropriate as some boys 
failed to produce enough conect words to allow norm tables to be used. 
The reading test was administered by a specialist teacher to each child individually. This 
comprised a list of 100 individual words, graded in order of difficulty, without 
contextual cues. Each child was given a score based on the number of words read 
conectly. Class teachers administered the spelling test simultaneously to the three forms 
making up the year group. Each word was individually and orally presented, followed 
by presentation of the word in the context of a sentence and lastly individually presented 
again. The boys were instlucted to write down the single words and not the sentences. 
The number of correctly spelt words was used as the score for this measure. 
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2.2.2.2.6 Phase 4 (Mean age 6.63, SD .30; UK Year 2) 
In October/November 2001, 20 months after the initial screening, tests of single word 
reading, single word spelling and text reading were administered. The first two tests 
were the same as those administered at Phase 3 (Schonell and Schonell, 1956; Vernon, 
1997) and followed the same procedures. The text reading measure (a cloze procedure) 
was the Primary Reading Test (France, 1981 ), which was administered simultaneously 
by the three fom1 teachers to the whole year group. The first 8 items of this test required 
the child to select one word from a list of five that matched a presented picture. Items 9 
to 48 then required the child to read silently individual sentences, each of which was 
incomplete, and to select the most appropriate word fi·om a selection of five that 
completed the sentence. Raw scores were obtained and used as attainment scores as in 
the previous tests. 
2.2.2.2.7 Phase 5 (Mean age 7.23, SD .31; UK Year 2) 
In May 2002, approximately 28 months after the initial Phase 1 screening, the boys took 
national curriculum tests at Key Stage 1. Assessment information consisted of results 
from the tasks/tests taken by the boys. The Key Stage 1 assessments consists of teacher 
assessments canied out between January 2002 and June 2002, together with formal tests 
in reading comprehension, spelling and mathematics. The tasks/tests used were those 
provided by the Qualifications and Curriculum Authotity on behalf of the Department 
for Education and Employment. For present purposes, scores on reading, 
comprehension, writing, spelling and n1athematics tests were used. The following 
classifications were given to the tasks/tests: X (exempt), W (working towards Ievell), 1 
(below nationally expected standard), 2 (national expected standard), and 3 (above 
nationally expected standard). 
2.2.2.2.8 Key Stage 1 Tasks/Tests 
Reading 
This task is designed to be administered to individual children to test their reading 
accuracy, fluency and understanding of what they have read. Teacher judgement is used 
to determine the level of test the individual child should undertake. At each level the 
task has the same sttucture: choosing a book; intt·oductory discussion; reading aloud and 
discussion of what has been read. Booklists are provided for both levels 1 and 2 of the 
reading task so that the child may choose an appropriate reading level book. Reading 
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assessment record forms for level 1 and level 2 are completed and attainment judgement 
made on the basis of specific perfotmance descriptions detailed in the Teacher's 
handbook (Qualifications and CutTiculum Authority, 1999/2000). 
Level 1 task is undertaken by children judged by the teacher to be working towards or 
within level 1. Children achieving level 1 or below in the reading task are exempt from 
the reading comprehension task, which is aimed at children working within level 2, but 
not lower. Children judged by the teacher to be working within level 2, or those who 
have achieved highly on level 1 reading undertake level 2 reading task. Within this level 
children's attainment may be judged as level 2A, 2B or 2C. Those attaining level 2A on 
the reading and reading comprehension tasks may be entered for level 3 reading 
comprehension. Those children who are judged to be reading at level 3 or above are 
exempt from the reading assessment and are entered directly for the reading 
comprehension at level 3. Level 1 task was undertaken by all children judged to be 
working towards or within level 1 
Spelling 
The task is designed for children working at levels 2 to 3, and is optional for children 
working below level 2. This task is divided into two parts. Part 1 comprises a large 
picture detailing a scene which children may be familiar with, for' example 'Wildlife 
Garden', with smaller pictures around the edge of the sheet. The teacher discusses the 
large picture and the picture items around it with the children to make sure that they 
know what each picture represents. The practice item, which consists of a picture with a 
box below for the Wtitten answer, is discussed by the teacher to ensure that all the 
children know the item depicted. The children are then asked to write the target word, 
for example 'boy'. Once the word has been attempted the teacher tells the children the 
conect letters in the word. Ten pictures follow this practice item, with the teacher telling 
the children what each item represents, followed by asking the children to Wlite the 
word. In the numbered box below each item the children record their response. One 
mark is awarded if the initial letter is Wl'itten; two marks are awarded if the whole word 
is coll'ect. 
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Part 2 comprises a dictation text read by the teacher. There are four separate pictures 
based on one theme, for example 'A Butterfly is Botn' with gaps in sentences for 
spelling words to be insel1ed. A practice item helps to familiarise the children with the 
test format. At this stage corrective feedback is offered. The teacher, who pauses at 
each word gap allowing time for the children to write their response, reads through the 
passage. The target words may be repeated. This section comprises items 11 to 30. One 
mark is awarded if the initial letter is written; two marks are awarded if the whole word 
is conect. Raw scores :fi·on1 the two pal1s are added together and converted into a level, 
and if appropriate a grade within that level. 
Reading con1prehension 
This is only undel1aken by children who have achieved level 2 or above in the reading 
task. It is divided into level 2 and level 3 reading comprehension tasks, with fiction and 
non-fiction included. The children are expected to read as much as they can 
independently and answer questions relating to each task. The level 2 task consists of a 
combined reading and question booklet, with the fiction and non-fiction sections in 
order, but with questions below a short paragraph of illustrated text. At level 3 the 
children are provided with two separate reading booklets and a reading comprehension 
booklet, which contains questions on both texts. 
Writing 
All children at the end of Key Stage 1 undertake this task. The writing task is developed 
from a reading book. A number of writing tasks may be undel1aken by the children 
between January and the end of the assessment period, providing that all the statutory 
conditions and procedures are tnet. Only one piece of writing is assessed for the writing 
task outcome for each child. It should be completed in one session not lasting longer 
than one hour but extra time may be allowed for planning and research before the 
children stal1 writing information pieces, if necessary. No revision or redrafting of the 
work is allowed. In this way it becomes a broad assessment of children's independent 
writing. 
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Mathematics 
This task is split into levels. At level 1 there is no time limit for this task. It can be 
undertaken anytime within the assessment period starting in January. The task 
comprises 3 parts A, B and C, allowing for breaks between the sections. Level 1 is 
achieved based on the total number of marks gained in part A and B of the task. 
However, as the aim is to test the children's overall ability in May of each year the actual 
timing of the test is likely to be closet to this point. Children working at level 2 or above 
undertake a written mathen1atics test, catried out and completed duting May, spanning 
no more than two sessions. Although there is no time limit the advice given is that it 
should be possible for the children to complete this within 45 minutes. 
Help may be given with reading words as necessary but not with reading numerals or 
syn1bols. A list of words, which may be outside some children's reading ability, may be 
listed on the board and read to the group as a whole. Re-reading by the teacher is 
petmitted at any time during the test. The maximum number of marks of the test is 36, 
and it is the raw score that is used to detetmine level and grade. 
2.2.2.2.9 Utilising attainment grades 
In order to utilise the attainment grades for the purpose of analysis these were assigned 
numerical values thus dispensing with less meaningful raw scores (Gathercole & 
Picketing, 2000). Hence the following numetical values were used: 0 (X and W), 1 (L 
and 1), 2 (2c), 3 (2b and 2), 4 (2a), 5 (3). These numetical values were used in the 
regression analyses. Only children reaching at least level 2 on the reading task, the 
nationally expected standard for attainment, undertake the reading comprehension and 
spelling tasks/tests otherwise they are deemed exempt. In this cohort 3 boys, 
approximately 7% (6.6%), were exempt from the reading comprehension and spelling 
tasks/tests. 
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2.2.3 Results 
Means and standard deviations for each of the measures used in the study are presented 
in Table 2.1. These results suggest that some children in the age range 4.5 to 5.5 can 
produce maximum scores on some of the dyslexia-related measures and school-based 
attainment measures. Letter and digit naming tasks are particularly prone to ceiling 
effects in this cohort of children; though the effects seem to be confined to the sounds of 
letters rather than their names. 
Table 2.1 Study Ll average scores and standard deviations (SD) produced by the 45 
children tested for each of the variables measured 
Variable Mean SD Variable Mean SD 
DEST At Risk Quotient Letter sounds upper case 
.20 .18 Maximum score: 26 21.47 6.76 
Rapid Naming Letter names upper case 
Time in seconds 60.91 12.47 Maximum score: 26 10.27 9.55 
Bead Threading Non words 
Number of beads threaded in 30 3.76 1.23 Maximum score: 12 5.73 4.03 
seconds 
Phonological Discrimination Rhyming words 
Maximum score: 9 7.40 1.57 Maximwn score: 16 14.60 2.26 
Rhyme/First Letter Sound Schonell Graded Word Reading 
Maximum Score: 13 9.60 2.75 Test 24.04 11.87 
Phase3 
Rhyme (first part from Rhyme/First Vernon Graded Word Spelling 
Letter Sound) 5.36 Phrase 3 11.52 5.49 Maximum Score: 8 2.08 
First Letter Sound (second pa1t of Schonell Graded Word Reading 
Rhyme/First Letter Sound) 4.58 1.12 Test 35.18 13.01 
Maximum Score 5 Phase4 
Digit Span Vernon Graded Word Spelling 
Number of digits sequences out of 4.78 1.52 Phase4 13.04 6.11 
14 
Digit Naming Primary Reading Test (cloze 
Maximum score: 7 6.78 .79 procedure) 27.98 7.00 
Phase4 
Letter Naming Key Stage 1 
Maximum score: 10 8.87 1.24 Reading 4.11 1.42 
Maximum score: 5 
Sound Order Key Stage 1 
Maximum score: 16 12.82 2.84 Spelling 3.31 1.44 
Maximum score: 5 
Shape Copying Key Stage 1 
Maximum score: 21 10.44 3.09 Comprehension 4.18 1.44 
Maximum score: 5 
Letter sounds lower case Key Stage 1 
Maximum score: 26 23.51 2.23 Writing 2.98 1.22 
Maximun1 score: 5 
Letter names lower case Key Stage 1 
Maximum score: 26 8.76 9.61 Mathematics 4.58 1.20 
Maximum score: 5 
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Table 2.2 Study Ll Pearson correlation coefficients between screening and literacy 
variables 
Reading Spelling Reading Spelling Reading Key Key Key Key 
Predictors single single single single (cloze) Stage 1 Stage 1 Stage 1 Stage 1 
word word word word Phase 4 Reading Spelling Comp. Writing Phase 3 Phase 3 Phase 4 Phase 4 PhaseS 
At Risk 
-.381** -.432** -.480** -.362"' -.376* -.512** -.647** -.491** -.509** Quotient 
Rapid Naming 
-.406** -.290 -.383** -.265 -.499** -.345* -.303* -.309* -.414"'* 
Bead Threading 
.241 .183 .228 .217 .073 .212 .198 .167 .210 
Phonological 
.088 .271 .143 .166 .081 .102 .254 .089 .207 Discrimination 
Rhyme/First 
.183 .248 .302* .255 .140 .140 .187 .139 .065 Letter Sound 
Rl1ytne (part of 
Rhytne/First Letter .253 .354* .305* .396* .133 .171 .220 .154 .174 
Sound) 
First Letter Sound (part 
ofRlJytueiFirst Letter .274 .270 .282 .216 .356* .217 .210 .232 .244 
Sound) 
Digit Span 
.374* .294 .333* .321* .356* .475** .467** .477** .575** 
Digit Naming 
.353* .314* .353* .325* .314* .325* .299** .374* .207 
Letter Naming 
.293 .169 .297* .311* .115 .074 -.040 .026 .059 
Sound Order 
.489** .464** .571** .488** .477** .383** -.524** .387"* .473** 
Shape Copying 
.343* .378* .397** .290 .261 .216 .288 .187 .377* 
Letter sounds lower case 
.418** .492** .395** .350* .459** .283 .323* .312* .239 
Letter names lower case 
.557** .482** .505** .561** .494** .426** .384** .376* .373* 
Letter sounds upper case 
.078 .012 .089 -.006 .099 -.058 -.018 -.074 -.162 
Letter names upper case 
.448** .437** .495** .527** .367** .454** .389** .409** .429** 
Nonword reading 
.440** .429** .427** .509** .420** .145 .315* .138 .208 
RlJYming words 
.069 .148 .056 .051 .099 .092 .053 .107 .220 
Reading single words 
.. 
.835** .859** .838** .865* .573** .629** .522** .577** Phase 3 
Spelling single words 
• .794** .821** .694** .470** .624** .428** .620** Phase 3 
Rending single words 
* .860** .722** .633** .769** .601** .623** Phnse4 
Spelling single words 
• .695** .516** .697** .473** .597** Phnse4 
Reading (cloze) 
... 
.481** .545** .426** .425** Phase 4 
Key Stage 1 Reading 
... 
.771** .926** .714** Phase 5 
Key Stage I Spelling 
... 
.774** .717** PhaseS 
Key Stage 1 
Comprehension * .680** 
Phase 5 
Key Stage 1 Writing 
* Phase 5 
Key Stage 1 
Mathematics 
Phase 5 
Table 2.2 presents Pearson product moment con·elations that indicate significant 
relationships between reception year screening measures and literacy ability following 
three years of fotmal insttuction. Although the dyslexia-related measures taken fron1 the 
DEST allow for a global or composite score that is computed as an 'at tisk quotient' 
(ARQ) this was not the primary aim of this study. Although analyses using the ARQ 
provide evidence that this score is related to subsequent reading and spelling the interest 
64 
Key 
Stage 1 
Maths 
-.490** 
-.097 
.114 
.152 
.113 
.043 
.306* 
.472** 
.066 
-.039 
.292 
.199 
.193 
.285 
-.076 
.316* 
.066 
.037 
.256 
.235 
.388* 
.180 
.140 
.752** 
.617** 
.813** 
.572** 
• 
in this study lay in exploring whether a single dyslexia-related measure or several 
measures provided the best prediction of future literacy skills. Fut1her discussion of the 
use of this at risk score can be found in Simpson and Everatt (1999) and Simpson and 
Everatt (in press). Some of these measures proved to be poorly related to subsequent 
outcome. The measures of Phonological Discrimination and Rhyme/First Letter Sound 
(see also the school attainment rhyming test) are noteworthy here. 
In order to investigate the predictive ability of each of the dyslexia-related measures and 
the school-based attainment measures, a series of regression analyses were perfotmed. 
Attainment at each of the phases of assessment was used as the dependent variable in 
each analysis. The age of the child at the start of the study was controlled by its entry 
into each regression equation before any other measure. Each stage of the analyses is 
detailed in tables 2.3 to 2.12. Scores on the dyslexia-related measures and the school-
based attainment measures were included as a block and analysed via a regression 
procedure. This provided an indication of how much variability in literacy the best 
predictor(s) amongst these test batteries could explain. When both sets of scores were 
included in the same analysis, the school-based attainment measures were entered as a 
block after the dyslexia-related measures, based on the order of the phases in the study in 
which measures were obtained (i.e. school-based attainment measures were closer in 
time to literacy outcome measures). However, to specifically contrast these measures, an 
altetnative procedure (subscripted with an 'a' in each table) entered the school-based 
attainment measures before the dyslexia-related measures. 
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2.2.3 .1 Reading 
The initial regression analyses (analyses 1 in tables 2.3 to 2.6) involved investigating the 
dyslexia-related measures and their ability to predict variance in later reading attainment. 
Analyses of single word reading at Phase 3 (Table 2.3), and Phase 4 (Table 2.4) of the 
study, text reading level at Phase 4 (Table 2.5), and the Key Stage 1 reading at Phase 5 
(Table 2.6), were conducted after controlling for age. 
Table 2.3 Study L1 regression analyses for single word reading Phase 3 
Variable entered Predictor ｒｾ＠ Adj. Rz Rz Sig.F Standardised Beta 
Change Change Coefficients Final 
Model 
Analysis 1 
Block l. Age Age .005 -.018 .005 .641 -.071 
Block 2. Dyslexia-related measures Sound Order .240 .203 .234 .001 .437 
Rapid Naming .344 .296 .105 .014 -.334 
Analysis 2 
Block 1. Age Age .005 -.018 .005 .641 .036 
Block 2. School attainment measures Letter names lower case .311 .278 .306 <.001 .554 
Analysis 3 
Block 1. Age -enter Age .005 -.018 .005 .641 -.063 
Block 2. Dyslexia-related measures Sound Order .240 .203 .234 .001 .298 
Rapid Naming .344 .296 .105 .014 -.290 
Block 3. School attainment measures Letter names lower case .484 .432 .139 .002 .403 
Analysis3a 
Block 1. Age- enter Age .005 -.018 .005 .641 -.096 
Block 2. School attainment measures Letter names lower case .311 .278 .306 <.001 .510 
Block 3. Dyslexia-related measures Shape Copying .426 .384 .115 .007 .314 
Rapid Naming .500 .450 .074 .019 -.283 
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Table 2.4 Study Ll regression analyses for single word reading Phase 4 
Variable entered Predictor ｒｾ＠ Adj. ｒｾ＠ R' Sig.F Standardised Beta 
Change Change Coefficients Final 
Model 
Analysis 1 
Block l. Age Age .006 -.017 .006 .618 -.075 
Block 2. Dyslexia-related measures Sound Order .327 .295 .321 <.001 .528 
Rapid Naming .408 .365 .081 .023 -.293 
Analysis 2 
Block 1. Age Age .006 -.017 .006 .618 .044 
Block 2. School attainment Letter names lower case .257 .221 .251 .001 .502 
Analysis 3 
Block I. Age Age .006 -.017 .006 .618 -.069 
Block 2. Dyslexia-related measures Sound Order .327 .295 .321 <.001 .420 
Rapid Naming .408 .365 .081 .023 -.259 
Block 3. School attainment measures Letter names lower case .492 .441 .084 .014 .313 
Analysis 3a 
Block 1.Age Age .006 -.017 .006 .618 -.082 
Block 2. School attainment measures Letter names lower case .257 .225 .251 .001 .316 
Block 3. Dyslexia-related measures Sound Order .430 .388 .173 .001 .422 
Rapid Naming .492 .441 .062 .032 -.259 
Bead Threading .546 .488 .054 .037 .236 
Analysis 4 
Block 1. Age Age .006 -.017 .006 .618 -.023 
Block 2. Dyslexia-related measures Sound Order .327 .295 .321 <.001 .201 
Rapid Naming .408 .365 .081 .023 -.406 
ｾｬｯ｣ｫ＠ 3. School attainment measures Letter names lower case .492 .441 .084 .014 .017 
Block 4. Schonell reading and Vernon Schonell single word reading .770 .741 .278 <.001 .734 
spelling March 01 Phase 3 March 01 Phase 3 
Analysis 4a 
Block 1. Age Age .006 -.017 .006 .618 -.028 
Block 2. School attainment measures Letter names lower case .257 .225 .251 .001 .029 
Block 3. Dyslexia-related measures Sound Order .430 .388 .173 .001 .210 
Rapid Naming .492 .441 .062 .032 -.054 
Bead Tin·eading .546 .488 .054 .037 .059 
Block 4. Schonell reading and Vernon Schonell single word reading .773 .737 .227 <.001 .706 
spelling March 0 1 Phase 3 March 01 Phase 3 
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Table 2.5 Study Ll regression analyses for text reading (cloze) Phase 4 
Variable entered Predictor ｒｾ＠ Adj. ｒｾ＠ ｒｾ＠ Sig.F Standardised Beta 
Change Change Coefficients Final 
Model 
Analysis 1 
Block 1. Age Age .013 -.009 .013 .448 -.037 
Block 2. Dyslexia-related measures Rapid Naming .249 .213 .236 .001 -.427 
Sound Order .399 .355 .150 .003 .400 
Analysis 2 
Block 1. Age Age .013 -.009 .013 .448 .084 
Block 2. School attainment measures Letter names lower case .251 .216 .238 .001 .489 
Analysis 3 
Block 1. Age Age .013 -.009 .013 .448 .068 
Block 2. Dyslexia-related measures Rapid Naming .249 .213 .236 .001 -.419 
Sound Order .399 .355 .150 .003 .349 
Block 3. School attainment measures Letter names lower case .490 .439 .090 .011 .731 
Letter names upper case .553 .495 .063 .025 -.522 
Analysis 3a 
Block I. Age Age .013 -.009 .013 .448 -.030 
Block 2. School attainment measures Letter names lower case .251 .216 .238 .001 .324 
Block 3. Dyslexia-related measures Rapid Naming .421 .378 .169 .001 ·.392 
Sound Order .490 .439 .069 .025 .288 
Analysis 4 
Block 1. Age Age .013 -.009 .013 .448 -.068 
Block 2. Dyslexia-related measures Rapid Naming .249 .213 .236 .001 -.202 
Sound Order .399 .355 .150 .003 .lit 
Block 3. School attainment measures Letter names lower case .490 .439 .090 .Oll -.263 
Letter names upper case .553 .495 .063 .025 ·.287 
Block 4. Schonell single word reading Schonell single word reading .797 .765 .245 <.001 .706 
and Vernon spelling March 01 Phase 3 March 0 I Phase 3 
Analysis 4a 
Block I. Age Age .013 -.009 .013 .448 .017 
Block 2. School attainment measures Letter names lower case .251 .216 .238 .001 .023 
Block 3. Dyslexia-related measures Rapid Naming .421 .378 .169 .001 -.175 
Sound Order .490 .439 .069 .025 .065 
Block 4. Schonell single word reading Schonell single word reading .779 .751 .289 <.001 .749 
and Vernon spelling March 01Phase 3 March 0 1 Phase 3 
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Table 2.6 Study Ll regression analyses for reading Key Stage 1 Phase 5 
Variable entered Predictor ｒｾ＠ Adj. ｒｾ＠ ｒｾ＠ Sig.F Standardised Beta 
Change Change Coefficients Final 
Model 
Analysis 1 
Block 1. Age Age .011 -.012 .011 .500 .035 
Block 2. Dyslexia-related measures Digit Span .229 .192 .218 .001 .502 
Bead Titreading .299 .248 .070 .049 .268 
Analysis 2 
Block I. Age Age .011 -.012 .011 .500 -.020 
Block 2. School attainment measures Letter names upper case .207 .169 .196 .002 .460 
Analysls3 
Block 1. Age Age .011 -.012 .011 .500 -.036 
Block 2. Dyslexia-related measures Digit Span .229 .192 .218 .001 .394 
Bead Titreading .299 .248 .070 .049 .294 
Block 3. School Attainment measures Letter names upper case .379 .316 .079 .029 .313 
Analysis 3a 
Block 1. Age Age .011 -.012 .Oil .500 -.024 
Block 2. School Attainment measures Letter names upper case .207 .169 .196 .002 .330 
Block 3. Dyslexia-related measures Digit Span .318 .268 .111 .013 .358 
Analysis 4 
Block 1. Age Age .Oil -.012 .011 .500 -.013 
Block 2. Dyslexia-related measures Digit Span .229 .192 .218 .001 .299 
Bead Titreading .299 .248 .070 .049 .160 
Block 3. School Attainment measures Letter names upper case .379 .316 .079 .029 .193 
Block 4. Schonell reading & Vernon Schon ell reading March 01 .456 .386 .077 .024 .338 
Spelling March 01 Phase 3 Phase 3 
Analysis 4a 
Block 1. Age Age .Oil -.012 .Oil .500 -.002 
Block 2. School Attainment measures Letter names upper case .207 .169 .196 .002 .183 
Block 3. Dyslexia-related measures Digit Span .318 .268 .111 .013 .262 
Block 4. Schonell reading & Vernon Schonell reading March 01 .433 .376 .115 .007 .394 
Spelling March 01 Phase 3 Phase 3 
Analysis 5 
Block 1. Age Age .Oll -.012 .Oll .500 -.013 
Block 2. Dyslexia-related measures Digit Span .229 .192 .218 .001 .299 
Bead Threading .299 .248 .070 .049 .160 
Block 3. School Attainment measures Letter names upper case .379 .316 .079 .029 .193 
Block 4. Schonell reading & Vernon Schonell reading March 01 .456 .386 .077 .024 .338 
Spelling March 01 Phase 4 Phase 3 
Block 5. Schonell reading, Vernon 
-
- - - - -
spelling & Primary Reading Test 
October 01 Phase 4 
Analysis Sa 
Block I. Age Age .Oil -.012 .Oil .500 .007 
Block 2. School Attainment measures Letter names upper case .207 .169 .196 .002 .113 
Block 3. Dyslexia-related measures Digit Span .318 .268 .Ill .013 .271 
Block 4. Schonell reading & Vernon Schonell reading March 01 .433 .376 .115 .007 .Oll 
Spelling March 01 Phase 3 Phase 3 
Block 5. Schonell reading, Vernon Schonell reading October 01 .489 .424 .056 .045 .478 
spelling & Primary Reading Test (cloze) Phase4 
October 0 1 Phase 4 
Analysis 6 
Block I. Age Age .Oil -.012 .Oil .500 .031 
Block 2. All measures Phase l, Phase 2, Schonell reading October 01 .404 .376 .394 <.001 .533 
Phase 3, and Phase 4 Phase4 
Digit Span .481 .443 .077 .018 .295 
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At Phase 3, 30% of the variability in single word reading could be accounted for by two 
measures: Sound Order accounted for approximately 20%, with Rapid Naming adding a 
further 10% to the level of prediction (analysis 1, table 2.3). By Phase 4 the level of 
variability in single word reading was again attributable to the same two measures found 
at Phase 3, but increasing to approximately 37%. The analysis indicated that Sound 
Order was entered into the equation first, explaining approximately 30%, with Rapid 
Naming adding a further 7% to the level of prediction (analysis 1, table 2.4). The 
analysis of cloze procedure reading at Phase 4 showed a similar pattetn, with 36% of the 
variability explained by two measures. The order of en tty via this regression method 
varied in this analysis, with Rapid Naming entered first accounting for approximately 
21% of the variance, with Sound Order adding about a further 15% (analysis 1, table 
2.5). 
A different picture of predictors emerged for reading at Key Stage 1 (analysis 1, table 
2.6), Phase 5 of the study, when the dyslexia-related measures were used in the 
regression analysis. In this analysis 25% of the variance in reading was predicted by two 
measures, after controlling for age. Digit Span accounted for approximately 19% of the 
variance, Bead Threading an additional 6%. 
To assess whether school-based attainment measures taken at Phase 2 would predict 
more than the dyslexia-related measures at Phase 1, ftnther regression analyses (analyses 
2, tables 2.3 to 2.5) assessed the level of prediction offered by letter names and letters 
sounds, both upper and lower case, nonword reading, and rhyming words. The analysis 
of single word reading at Phase 3 indicated that 28% of the variance was attributable to 
Letter Names Lower Case, after contt·olling for age (analysis 2, table 2.3). By Phase 4, 
Letter Names Lower Case predicted approximately 22% of the variability in single word 
reading, and a similar amount of cloze procedure reading at Phase 4 (analyses 2, table 
2.4 and 2.5). Once again predictors for reading at Key Stage 1 (analysis 2, table 2.6) 
indicated that when school-based attainment measures only were used in the analysis 
then the variance in reading was predicted by a single measure, after contt·olling for age. 
Approximately 17% of the variability in reading was attributable to Letter Names Upper 
Case. 
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In further regression analyses (analyses 3, tables 2.3 to 2.5) the dyslexia-related 
measures and school-based attainment measures were entered in blocks, the former 
preceding the latter, after controlling for age. In each case, three measures in 
combination explained the variability in single word reading at Phase 3 and Phase 4. 
Sound Order, Rapid Naming and Letter Names Lower Case accounted for 43% and 44% 
of the variability respectively. At Phase 3 Sound Order accounted for approximately 
20%, Rapid Naming for an additional 10%, and Letter Names Lower Case for a fut1her 
13% (analysis 3, table 2.3). At Phase 4 Sound Order accounted for approximately 30%, 
Rapid Naming for an additional 7%, and Letter Names Lower Case for about 7% 
(analysis 3, table 2.4). There were four n1easures that emerged as predictors of cloze 
procedure reading at Phase 4, accounting for approximately 50% of the variability. The 
order of entry via this regression method varied in this analysis, with Rapid Naming 
accounting for approximately 21% of the variance, Sound Order adding about 15%, 
Letter Names Lower Case 8% and Letter Names Upper Case another 6% (analysis 3, 
table 2.5). Once again as in previous analyses a different picture of predictors emerged 
for reading at Key Stage 1 (analysis 3 table 2.6), Phase 5 of the study, when the dyslexia-
related measures and school-based attainment measures were used in the regression 
analysis. In this analysis 32% of the variance in reading was predicted by three 
measures, after controlling for age. Digit Span accounted for approxin1ately 19% of the 
variance, Bead Threading an additional 6%, with Letter Names Upper Case accounting 
for a further 7%. 
However, in a ftn1her investigation of the vatiability explained by the dyslexia-related 
measures compared with the school-based attainment measures these two sets were 
entered in blocks in reverse order, the latter preceding the former, after controlling for 
age. The results for each of the phases of single word reading, cloze procedure reading 
and Key Stage 1 reading are detailed in analysis 3a of the respective tables 2.3 to 2.6. 
Single word reading at Phase 3 was predicted by three measures, with Letter Names 
Lower Case accounting for 28% of the vatiability, Shape Copying for a further 10%, 
with Rapid Naming an additional 7%, explaining a total of 45% of the variability in 
reading (analysis 3a, table 2.3). The order of entry via the regression method changed in 
the analysis of single word reading at Phase 4, with Letter Names Lower Case 
accounting for approximately 23% ofthe valiance, Sound Order for a fut1her 16%, 
Rapid Naming for 5% of the variance, Bead Threading provided approximately 5% 
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additional variability (analysis 3a, table 2.4). In total49% of the variability in single 
word reading at Phase 4 was predicted by these four measures. In the regression analysis 
which investigated cloze procedure reading at Phase 4 three measures emerged as 
predictors of ability. These were Letter Names Lower Case that accounted for 
approximately 22%, Rapid Naming 16%, with Sound Order predicting an additional6% 
of the variability (analysis 3a, table 2.5). Again, different predictors emerged from the 
analysis of reading at Key Stage 1, with two measures accounting for 27% of the 
variability, Letter Names Upper Case for approximately 17% and Digit Span the 
additional10% (analysis 3a, table 2.6). 
An investigation of reading at Phase 4 and Phase 5 was then conducted, again using 
regression analyses, but including additional measures of Schon ell single word reading 
and Vetnon single word spelling taken at Phase 3 of the study (analyses 4, Tables 2.4 to 
2.6). The dyslexia-related measures, school-based attainment measures, and the 
Schonell reading and Vernon spelling measures were entered in this order in blocks, 
after controlling for age. 74% of the variance in single word reading at Phase 4 was 
predicted by four n1easures: Sound Order predicted 30% of the variability, Rapid 
Naming a fut1her 7%, Letter Names Lower Case about 7%, with Schonell single word 
reading at Phase 3 accounting for an additiona130% (analysis 4, table 2.4). Analysis of 
cloze procedure reading at Phase 4 yielded predictors, which accounted for 
approximately 77% of the variance. Rapid Naming accounted for approximately 21% of 
the variance, Sound Order for 15% of the variability, Letter Names Lower Case and 
Letter Names Upper Case for a further 8% and 6% respectively, and Schonell single 
word reading at Phase'3 an additiona127% (analysis 4, table 2.5). Finally, the variability 
in reading at Key Stage 1 was investigated and yielded four measures, which accounted 
for approximately 39% of the variability. Different predictors were entered via the 
regression method in this analysis, with Digit Span entered first accounting for 
approximately 19% of the vatiance, Bead Threading adding a ftniher 6%, Letter Names 
Upper Case an additional 7%, in addition to 7% of the variability atttibutable to Schonell 
single word reading at Phase 3 (analysis 4, table 2.4). 
Using the same method as before of reversing entry in blocks of the three separate 
measures, school-based attainment measures, dyslexia-related measures and Schonell 
single word reading and Vetnon spelling the results obtained are those detailed in 
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analyses 4a of Tables 2.5 to 2.6, after controlling for age. 74% of the vatiability in single 
word reading at Phase 4 was predicted by five measures. Letter Names Lower Case 
accounted for approximately 23%, Sound Order, Rapid Nan1ing and Bead Threading for 
16%, 5% and 5% respectively, with Schonell single word reading for an additional 25% 
of the vatiance (analysis 4a, table 2.4). Apart from Bead Threading the same measures 
emerged as predictors of cloze procedure reading at Phase 4, although they were entered 
into the regression equation in a different order to the previous analysis, with Letter 
Names Lower Case again accounting for approximately 22% of the valiability, Rapid 
Naming for 16%, Sound Order for a futther 6% and Schonell single word reading at 
Phase 3 for 31% of the valiance (analysis 4a, table 2.5). Three predictors of reading 
ability at Key Stage 1 emerged fi·om the regression analysis conducted: these were Letter 
Names Upper Case, Digit Span and Schonell single word reading at Phase 3, each 
accounting for approximately 17%, 10% and 11% of the vatiability respectively, after 
controlling for age, a much lower percentage than the previous regression analyses at 
Phase 4 single word reading and cloze procedure reading (analysis 4a, table 2.6). 
In a futther regression analysis (analysis 5, Table 2.6) four groups of measures were 
entered in blocks, in the order of dyslexia-related measures, school-based attainment 
measures, Schon ell single word reading and V e1non spelling at Phase 3, with the final 
measures taken at Phase 4 of Schon ell single word reading, V etnon spelling, and cloze 
procedure reading (Plimary Reading Test), after controlling for age. Four predictors of 
valiability in reading at Key Stage 1 emerged fi·om this regression analysis, which 
accounted for approxin1ately 39% of the valiance. Digit Span accounted for 
approximately 19%, Bead Threading for 6%, Letter Names Upper Case for about 7% of 
the valiance, and Schonell single word reading at Phase 3 for a further 7%. Once again 
the order of entry of the blocks of measures was altered in the next analysis, by entering 
the school-based attainment measures before the dyslexia-related measures, following by 
Schonell single word reading and Vetnon spelling at Phases 3, and lastly the block of 
Schonell single word reading, Vetnon spelling and cloze procedure reading at Phase 4, 
after controlling for age. In this case four predictors of Key Stage 1 reading emerged: 
Letter Names Upper Case, Digit Span, Schonell single word reading at Phase 3, and 
lastly Schonell single word reading at Phase 4. These four n1easures accounted for 
approximately 42% of the valiance, with Letter Names Upper Case for 17%, Digit Span 
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for a further 10%, Schon ell single word reading at Phase 3 for an additional 11%, with a 
final 4% being attributable to Schonell single word reading at Phase 4. 
In a final regression analysis (analysis 6, Table 2.6), to investigate predictors of reading 
ability at Key Stage 1, all the measures taken at Phases 1 to 4 were entered into the 
regression analysis together, after controlling for age. Two predictors emerged, which 
accounted for approximately 44% of the variability. The Schonell single word reading 
measure taken at Phase 4, in October 2001, accounted for approximately 38% of the 
variance, with Digit Span accounting for the other 4%. 
74 
2.2.3.2 Spelling 
The initial spelling analyses (analyses 1 in tables 2.7 to 2.9) investigated the ability of 
the dyslexia-related measures to predict future spelling ability. These indicated that a 
single dyslexia-related measure, that of Sound Order, could predict 19% and 21% of 
va1iability in spelling ability at Phase 3 and Phase 4 respectively (analyses 1, table 2.7 & 
table 2.8). The regression analysis at Key Stage 1 yielded two predictors of spelling 
which accounted for 31% of the variance. Sound Order accounted for approximately 
24%, with Digit Span adding a further 7% (analysis 1, table 2.9). 
Table 2. 7 Study Ll regression analyses for single word spelling Phase 3 
Variable entered Predictor J.tl Adj. ｒｾ＠ Sig.F Standardised 
Rl Change Change Beta 
Coefficients 
Final Model 
Analysis 1 
Block 1. Age Age .001 -.022 .001 .847 -.120 
Block 2. Dyslexia-related measures Sound Order .229 .193 .228 .001 .486 
Analysis 2 
Block I. Age Age .001 -.022 .001 .847 -.061 
Block 2. School attainment measures Letter names lower case .236 .200 .235 .001 .486 
Analysis 3 
Block l.Ag Age .001 -.022 .001 .847 -.119 
Block 2. Dyslexia-related measures Sound Order .229 .192 .228 .001 .355 
Block 3. School attainment measures Letter names lower case .342 .294 .113 .011 .361 
Analysis 3a 
Block 1. Age Age .001 -.022 .001 .847 -.171 
Block 2. School attainment measures Letter names lower case .236 .200 .235 .001 .487 
Block 3. Dyslexia-related measures Shape Copying .398 .353 .162 .002 .417 
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Table 2.8 Study Ll regression analyses for single word spelling Phase 4 
Variable entered Predictor R" Adj. R" Slg.F Standardised 
R1 Change Change Beta 
Coefficients 
Final Model 
Analysis 1 
Block I. Age Age .001 -.022 .001 .847 -.063 
Block 2. Dyslexia-related measures Sound Order .242 .206 .241 .001 .499 
Analysis 2 
Block I. Age Age .001 -.022 .001 .847 -.088 
Block 2. School attainment measures Letter names lower case .315 .282 .314 <.001 .405 
Non words .397 .353 .083 .022 .340 
Analysis 3 
Block 1. Age Age .001 -.022 .001 .847 -.062 
Block 2. Dyslexia-related measures Sound Order .242 .206 .241 .001 .339 
Block 3. School attainment measures Letter names lower case .412 .369 .170 .001 .442 
Analysis 3a 
Block 1. Age Age .001 -.022 .001 .847 -.088 
Block 2. School attainment measures Letter names lower case .315 .282 .314 <.001 .405 
Block 3. Dyslexia-related measures Non words .397 .353 .083 .022 .340 
Analysis4 
Block 1. Age Age .001 -.022 .001 .847 -.009 
Block 2. Dyslexia-related measures Sound Order .242 .206 .241 .001 .062 
Block 3. School attainment measures Letter names lower case .412 .369 .170 .001 .119 
Block 4. Schonell reading and Vemon Schonell single word reading .723 .696 .312 <.001 .425 
spelling March 01 Phase 3 March 01 Phase 3 
Vemon spelling March 01 Phase 3 .765 .735 .042 .012 .380 
Analysis 4a 
Block 1. Age Age .001 -.022 .001 .847 -.032 
Block 2. School attainment measures Letter names lower case .315 .282 .314 <.001 .085 
Block 3. Dyslexia-related measures Nonwords .397 .353 .083 .022 .131 
Block 4. Schonellreading and Vernon Schonell reading March 0 I Phase .737 .710 .339 <.001 .435 
spelling March 01 Phase 3 3 
Vernon spelling March 01 Phase 3 .774 .745 .037 .016 .360 
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Table 2.9. Study Ll regression analyses for spelling Key Stage 1 Phase 5 
Variable entered Predictor ｒｾ＠ Adj. ｒｾ＠ ｒｾ＠ Sig.F Standardised Beta 
Change Change Coefficients Final 
Model 
Analysis 1 
Block 1. Age Age .012 -.011 .012 .473 .002 
Block 2. Dyslexia-related measures Sound Order .275 .240 .263 <.001 .402 
Digit Span .355 .307 .080 .030 .308 
Analysis 2 
Block 1. Age Age .012 -.Oll .012 .473 .085 
Block 2. School attaimnent measures Letter names lower case .155 .115 .143 .Oll .379 
Analysis 3 
Block I. Age Age .012 -.Oll .012 .473 .002 
Block 2. Dyslexia-related measures Sound Order .275 .240 .263 <.001 .402 
Digit Span .355 .307 .080 .030 .380 
Block 3. School Attainment measures 
- - - - - -
Analysis 3a 
Block l. Age Age .012 -.011 .012 .473 .014 
Block 2. School Attainment measures Letter names lower case .155 .115 .143 .Oll .224 
Block 3. Dyslexia-related measures Sound Order .318 .269 .164 .003 .441 
Analysis 4 
Block 1. Age Age .012 -.011 .012 .473 .060 
Block 2. Dyslexia-related measures Sound Order .275 .240 .263 <.001 .202 
Digit Span .355 .307 .080 .030 .246 
Block 3. School Attainment measures 
-
-
. 
-
. 
-
Block 4. Schonell reading & Vemon Vernon spelling March 01 .515 .466 .160 .001 .460 
Spelling March 01 Phase 3 Phase 3 
Analysis 4a 
Block 1. Age Age .012 -.011 .012 .473 .070 
Block 2. School Attainment measures Letter names lower case .155 .115 .143 .011 .052 
Block 3. Dyslexia-related measures Sound Order .318 .269 .164 .003 .272 
Block 4. Schonell reading & Vernon Vernon spelling March 01 .467 .414 .148 .002 .475 
Spelling March 01 Phase 3 Phase 3 
Analysis 5 
Block 1. Age Age .012 -.011 .012 .473 .028 
Block 2. Dyslexia-related measures Sound Order .275 .240 .263 .000 .052 
Digit Span .355 .307 .080 .030 .222 
Block 3. School Attainment measures . 
-
- - -
. 
Block 4. Schonell reading & Vernon Vernon spelling March 01 .515 .466 .160 .001 .025 
Spelling March 01 Phase 3 Phase 3 
Block 5. Schonell reading, Vernon Schonell reading October 01 .645 .599 .130 .001 .644 
spelling & Primary Reading Test (cloze) Phase4 
October 01 Phase 4 
Analysis Sa 
Block 1. Age Age .012 -.011 .012 .473 .039 
Block 2. School Attainment measures Letter names lower case .155 .115 .143 .011 -.024 
Block 3. Dyslexia-related measures Sound Order .318 .269 .164 .003 .119 
Block 4. Schonell reading & Vernon Vernon spelling March 01 .467 .414 .148 .002 .049 
Spelling March 01 Phase 3 Phase 3 
Block 5. Schonell reading, Vernon Schonell reading October 01 .605 .554 .138 .001 .671 
spelling & Primary Reading Test Phase4 
October 01 Phase 4 
Analysis 6 
Block I. Age Age .012 -.011 .012 .473 .025 
Block 2. All measures Phase 1, Phase 2, Schonell reading October 01 .594 .575 .583 .000 .781 
Phase 3, and Phase 4 Phase4 
Letter naming (Dyslexia- .672 .648 .078 .003 -.264 
related measure) 
Digit Span .705 .675 .032 .043 .194 
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To assess whether the school-based attainment measures taken at Phase 2 would predict 
more variability in spelling than the dyslexia-related measures at Phase 1, further 
regression analyses (analyses 2, tables 2.7 to 2.9) assessed the level of prediction offered 
by letter names and letter sounds, both upper and lower case, nonword reading, and 
rhyming words. This indicated that Letter Names Lower Case predicted 20% of 
variability in spelling at Phase 3, after controlling for age (analysis 2, table 2.7). Two 
measures predicted 35% of the variance in spelling at Phase 4 (analysis 2, table 2.8). 
Letter Names Lower Case accounted for 28% of the variability, with Nonwords 
approximately 7%. The single measure of Letter Names Lower Case accounted for 12% 
only of the variance in Key Stage 1 spelling (analysis 2, table 2.9). 
Combining the dyslexia-related measures and the school-based attainment measures in 
the regression analyses (analyses 3 in tables 2.7, 2.8 and 2.9) yielded two measures 
predicting about 30% and 37% of the variability in spelling performance at Phases 3 and 
4 respectively, after controlling for age. Sound Order accounted for approximately 19% 
of the variability, with Letter Names Lower Case an additional10% at Phase 3 (analysis 
3, table 2. 7). These same measures of Sound Order and Letter Names Lower Case 
emerged as predictors of spelling at Phase 4, predicting 21% and 16% respectively 
(analysis 3, table 2.8). In the Key Stage 1 analysis only dyslexia-related measures were 
identified as significant predictors of spelling. Sound Order accounted for 
approximately 24% of the variance, with Digit Span adding about 7% (analysis 3, table 
2.9). 
In a further investigation of the variability explained by the dyslexia-related measures 
compared with school-based attainment measures, the order of entry in blocks was 
reversed so that the latter preceded the former, after controlling for age (analyses 3a, 
tables 2. 7 to 2.9). Two predictors of spelling at Phase 3 emerged, Letter Names Lower 
Case that accounted for 20% ofthe variability, and Shape Copying an additional15%, a 
total of35% of the valiance at this stage. At Phase 4, although Letter Names Lower 
Case entered into the equation first accounting for approximately 28% of the variance, 
Nonwords was entered second and accounted for about 7% additional variability 
(analysis 3a, table 2.8). At Key Stage 1 two measures emerged as predictors, Letter 
Names Lower Case and Sound Order. These two measures predicted approximately 
12% and 15% respectively (analysis 3a, table 2.9). 
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When a regression analysis, which included spelling and reading scores obtained at 
Phase 3 was conducted to investigate spelling ability at Phase 4 (analysis 4, table 2.8) 
four measures accounted for approximately 74% of the variability, after controlling for 
age. Sound Order accounted for approximately 21%, Letter Names Lower Case for 
about 16%, Schonell single word reading at Phase 3 for a further 33% of the variability, 
and Vetnon spelling at Phase 3 for an additional4% of the valiance. 
An additional regression analysis investigated the inclusion of attainment measures of 
reading and spelling scores at Phases 3 on the outcome predictors of spelling at Key 
Stage 1 (analysis 4, table 2.9). The three measures of Sound Order, Digit Span, and 
V etnon spelling at Phase 3 accounted for 4 7% of the variability in spelling at Key Stage 
1. Sound Order accounted for approximately 24%, Digit Span for a further 7% of the 
variance and Ve1non spelling at Phase 3 for another 16%. 
When the dyslexia-related measures and the school-based measures, were entered in 
reverse order before the entry of reading and spelling scores at Phase 3 (analyses 4a, 
table 2.8) four predictors of spelling ability at Phase 4 emerged that accounted for 
approximately 75% of the variance. These were Letter Names Lower Case, which 
accounted for approximately 28% of the variability, Nonwords for a further 7%, 
Schonell reading at Phase 3 for an additional 36% and Vetnon spelling at Phase 3 for 
about 4%. Furthetmore, three of these measured emerged as predictors of Key Stage 1 
spelling ability; Letter Names Lower Case, Sound Order and Vernon spelling scores at 
Phase 3, with the percentage of variability of each of these measures being 12%, 15% 
and 14% respectively (analysis 4a, table 2.9). 
In a further regression analysis investigating the predictors of spelling ability at Key 
Stage 1 the measures were entered in blocks in the following order: dyslexia-related 
measures; school-based attainment measures; reading and spelling scores taken at Phase 
3; and lastly reading and spelling scores taken at Phase 4, after controlling for age. 60% 
of the variability in spelling ability could be accounted for by four measures; Sound 
Order for approximately 24%, Digit Span for a further 7%, Vernon spelling at Phase 3 
for an additional16%, and Schonell reading at Phase 4 for about 13% (analysis 5, table 
2.9). 
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Reversing the order of entry of dyslexia-related and school-based attainment measures 
changed the order of entry in the equation. Letter Names Lower Case accounted for 
approximately 12%, Sound Order for a further 15%, Vetnon spelling at Phase 3 for 
another 14%, and Schonell reading at Phase 4 for approximately 14% further variance. 
In a final regression analysis (analysis 6, Table 2.9), to investigate predictors of spelling 
ability at Key Stage 1, all the measures taken at Phases 1 to 4 were entered together, after 
controlling for age. Three predictors emerged, which accounted for approximately 68% 
of the variability. The Schonell single word reading measure taken at Phase 4, in October 
2001, accounted for approximately 58% of the variance, Letter Naming fi.·om the 
dyslexia-related measures for an additional 7%, with Digit Span accounting for the other 
3%. 
2.2.3 .2 Comprehension 
A series of regression analyses investigated predictors of comprehension ability at Key 
Stage 1 (analyses 1 to 6, table 2.10). In the first of these analyses, using only the 
dyslexia-related measures, two emerged as predictors. Digit Span accounted for 19% of 
the variance, with Digit Naming adding a fut1her 8%, after controlling for age (analysis 
1, table 2.10). 
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Table 2.10 Study L1 regression analyses for comprehension Key Stage 1 Phase 5 
Variable entered Predictor R' Adj. R' R' Sig.F Standardised 
Change Change Beta Coefficients 
Final Model 
Analysis 1 
Block 1. Age Age .007 -.016 .007 .593 .034 
Block 2. Dyslexia-related measures Digit Span .228 .192 .222 .001 .428 
Digit Naming .323 .274 .095 .021 .312 
Analysis 2 
Block 1. Age Age .007 -.016 .007 .593 -.030 
Block 2. School attainment measures Letter names upper case .168 .129 .162 .007 .417 
Analysis3 
Block 1. Age Age .007 -.016 .007 .593 .034 
Block 2. Dyslexia-related measures Digit Span .228 .192 .222 .001 .428 
Digit Naming .323 .274 .095 .021 .312 
Block 3. School Attainment measures 
- - - - - -
Analysis 3a 
Block 1. Age Age .007 -.016 .007 .593 -.016 
Block 2. School Attainment measures Letter names upper case .168 .129 .162 .007 .214 
Block 3. Dyslexia-related measures Digit Span .292 .241 .124 .011 .316 
Digit Naming .359 .295 .066 .049 .267 
Analysis 4 
Block I. Age Age .007 -.016 .007 .593 .023 
Block 2. Dyslexia-related measures Digit Span .228 .192 .222 .001 .321 
Digit Naming .323 .274 .095 .021 .212 
Block 3. School Attainment measures 
- - - - - -
Block 4. Schonell reading & Vernon Schonell reading March 01 .405 .345 .081 .024 .326 
Spelling March 0 I Phase 3 Phase3 
Analysis 4a 
Block l. Age Age .007 -.016 .007 .593 -.016 
Block 2. School Attainment measures Letter names upper case .168 .129 .162 .007 .214 
Block 3. Dyslexia-related measures Digit Span .292 .241 .124 .011 .316 
Digit Naming .359 .295 .066 .049 .267 
Block 4. Schone)) reading & Vernon 
Spelling March 01 Phase 3 
Analysis 5 
Block 1. Age Age .007 -.016 .007 .593 .015 
Block 2. Dyslexia-related measures Digit Span .228 .192 .222 .001 .316 
Digit Naming .323 .274 .095 .021 .182 
Block 3. School Attainment measures 
- - - - - -
Block 4. Schone)) reading & Vernon Schone II reading March 0 l .405 .345 .081 .024 -.117 
SIJelling March 01 Phase 3 Phase 3 
Block 5. Schonell reading, Vernon Schonell reading October 0 l .478 .411 .073 .025 .531 
spelling & Primary Reading Test (cloze) Phase4 
October 01 Phase 4 
Analysis Sa 
Block 1. Age Age .007 -.016 .007 .593 .004 
Block 2. School Attainment measures Letter names upper case .168 .129 .162 .007 .052 
Block 3. Dyslexia-related measures Digit Span .292 .241 .124 .011 .294 
Digit Naming .359 .295 .066 .049 .171 
Block 4. Schonell reading & Vernon 
Spelling March 01 Phase 3 
Block 5. Schonell reading, Vernon Schonell reading October 0 l .476 .409 .117 .005 .417 
speJiing & Primary Reading Test (cloze) Phase4 
October 0 l Phase 4 
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Table 2.10 continued 
Study L 1 regression analyses for comprehension Key Stage 1 Phase 5 
Analysis 6 
Block 1. Age Age .007 .016 .007 .593 
Block 2. All measures Phase 1, Phase 2, Schonell reading October 01 .362 .332 .356 <.001 
Phase 3, and Phase 4 Phase4 
Digit Span .447 .407 .085 .016 
The predictor, which emerged fron1 the school-based attainment measures when they 
were entered alone, after controlling for age, was Letter Names Upper Cases, which 
accounted for approximately 13% of the variance (analysis 2, table 2.10). 
.011 
.497 
.310 
In a further regression analysis the dyslexia-related measures and the school-based 
attainment measures were entered in blocks, the fotmer preceding the latter, after 
controlling for age (analysis 3, table 2.10). Two predictors accounted for approximately 
27% of the variability; Digit Span for about 19%, and Digit Naming for an additional 
8%. No school-based n1easures were entered into the regression equation. 
Using the same procedure as in previous analysis but reversing entry in blocks of 
dyslexia-related measures and school-based attainment measures this yielded three 
predictors of comprehension ability at Key Stage 1 accounting for approximately 30% of 
the variability. These were Letter Names Upper Case, Digit Span, and Digit Naming 
explaining13%, 11% and 6% respectively (analysis 3a, table 2.1 0). 
The following regression analysis investigated which measures would emerge as 
predictors of comprehension ability if the measures taken at Phase 1 to Phase 4 were 
entered in blocks in the sequence they were taken, after controlling for age (analysis 4, 
table 2.10). The measures of Digit Span, Digit Naming and Schonell reading at Phase 3 
could account for 35% of the variance in comprehension ability at Key Stage 1. Digit 
Span accounted for approximately 19%, Digit Naming for about 8%, and Schonell 
reading at Phase 3 for a further 8%. 
Once again in a further regression analysis school-based attainment measures, dyslexia-
related measures, reading and spelling scores at Phase 3, were entered in blocks in this 
order, after controlling for age. Three measures, Letter Naming Upper Case, Digit Span, 
and Digit Naming, emerged as predictors of spelling variability at Key Stage 1. Letter 
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Naming Upper Case accounted for approximately 13%, Digit Span for a further 11%, 
and Digit Naming for about 6% (analysis 4a, table 2.10). Neither of the reading or 
spelling attainment scores obtained as measures at Phase 3 emerged as being predictive. 
In a further regression analysis the dyslexia-related n1easures, the school-based 
attainment measures, the reading and spelling scores at Phase 3, and the reading and 
spelling scores at Phase 4 were entered in blocks in this order, after conh·olling for age 
(analysis 5, table 2.10). This yielded predictors, which accounted for approximately 
41% of the variance. Digit Span accounted for approximately 19% of the variance, Digit 
Naming for a further 8%, Schonell reading at Phase 3 and Schonell reading at Phase 4 
for a further 8% and 6% respectively. 
In the penultimate regression analysis investigating comprehension ability at Key Stage 
1 the procedure of entering the four different phase measures was followed, reversing the 
enhy of the blocks of dyslexia-related measures and school-based attainment measures, 
with the latter preceding the fo1mer. In addition two further blocks, reading and spelling 
at Phase 3, and reading and spelling scores at Phase 4, were entered in blocks in this 
order. All blocks were entered after conh·olling for .age (analysis Sa, table 2.10). Letter 
Names Upper Case, Digit Span, Digit Naming, and Schonell reading at Phase 4 
explained 41% of the variability. The amount explained by each of these predictors was 
13%, 11%, 6% and 11% respectively. 
In a final regression analysis (analysis 6, Table 2.1 0), all the measures taken at Phases 1 
to 4 were entered together, after controlling for age. Two predictors emerged, which 
accounted for approximately 41% of the variability. The Schonell single word reading 
measure taken at Phase 4, in October 2001, accounted for approximately 33% of the 
vatiance, with Digit Span accounting for the other 8%. 
2.2.3 .4 Writing 
A series of regression analyses investigated predictors of writing ability at Key Stage 1 
(analyses 1 to 6, table 2.11). In the first of these analyses, which involved investigating 
the ability of the dyslexia-related measures to predict variance in later writing ability, 
three dyslexia-related measures emerged which accounted for approximately 48% of the 
variability. Digit Span accounted for 33% of the variance, Shape Copying for a further 
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10%, and Rapid Naming for approximately 5%, after controlling for age (analysis 1, 
table 2.11). 
Table 2.11 Study Ll regression analyses for writing Key Stage 1 Phase 5 
Variable entered Predictor R'' Adj. ｒｾ＠ ｒｾ＠ Sig. F Standardised 
Change Change Beta 
Coefficients 
Final Model 
Analysis 1 
Block I. Age Age .059 .037 .059 .108 .063 
Block 2. Dyslexia-related measures Digit Span .364 .334 .305 <.001 .510 
Shape Copying .469 .430 .104 .007 .303 
Rapid Naming .527 .479 .058 .033 -.251 
Analysis 2 
Block I. Age Age .059 .037 .059 .108 .138 
Block 2. School attainment measures Letter names upper case .202 .164 .143 .009 .392 
Analysis 3 
Block I. Age Age .059 .037 .059 .108 .063 
Block 2. Dyslexia-related measures Digit Span .364 .334 .305 <.001 .510 
Shape Copying .469 .430 .104 .007 .303 
Rapid Naming .527 .479 .058 .033 -.251 
Block 3. School Attainment measures 
- - - - - -
Analysis 3a 
Block 1. Age Age .059 .037 .059 .108 .036 
Block 2. School Attainment measures Letter names upper case .202 .164 .143 .009 .145 
Block 3. Dyslexia-related measures Digit Span .403 .359 .201 .001 .464 
Shape Copying .494 .444 .091 .010 .290 
Rapid Naming .543 .484 .049 .049 -.232 
Analysis 4 
Block 1. Age Age .059 .037 .059 .108 .142 
Block 2. Dyslexia-related measures Digit Span .364 .334 .305 <.001 .405 
Shape Copying .469 .430 .104 .007 .147 
Rapid Naming .527 .479 .058 .033 -.167 
Block 3. School Attainment measures 
- - - - - -
Block 4. Schonell reading & Vernon Vernon spelling March 01 Phase 3 .641 .595 .114 .001 .401 
Spelling March 01 p3 
Analysis 4a 
Block 1. Age Age .059 .037 .059 .108 .141 
Block 2. School Attainment measures Letter names upper case .202 .164 .143 .009 .003 
Block 3. Dyslexia-related measures Digit Span .403 .359 .201 .001 .404 
Shape Copying .494 .444 .091 .010 .148 
Rapid Naming .543 .484 .049 .049 -.167 
Block 4. Schonell reading & Vernon Vernon spelling March 01 Phase 3 .641 .584 .098 .003 .400 
Spelling March 0 I Phase 3 
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Table 2.11 continued 
Study Ll regression analyses for writing Key Stage 1 Phase 5 
Analysis S 
Block 1. Age Age .059 .037 .059 .108 
Block 2. Dyslexia-related measures Digit Span .364 .334 .305 <.001 
Shape Copying .469 .430 .104 .007 
Rapid Naming .527 .479 .058 .033 
Block 3. School Attainment measures 
- - - - -
Block 4. Schonell reading & Vernon Vernon spelling March 01 Phase 3 .641 .595 .114 .001 
Spelling March 01 Phase 3 
Block 5. Schonell reading, Vernon Primary Reading Test (cloze) .687 .638 .046 .023 
spelling & Primary Reading Test (cloze) October 01 Phase 4 
October 01 Phase 4 
Analysis Sa 
Block 1. Age Age .059 .037 .059 .108 
Block 2. School Attainment measures Letter names upper case .202 .164 .143 .009 
Block 3. Dyslexia-related measures Digit Span .403 .359 .201 .001 
Shape Copying .494 .444 .091 .010 
Rapid Naming .543 .484 .049 .049 
Block 4. Schonell reading & Vernon Vernon spelling March 01 Phase 3 .641 .584 .098 .003 
Spelling March 01p3 
Block 5. Schonell reading, Vernon Primary Reading Test (cloze) .687 .628 .046 .025 
spelling & Primary Reading Test October 01 Phase 4 
October 01 Phase 4 
Annlysis6 
Block 1. Age Age .059 .037 .059 .108 
Block 2. All measures Phase 1, Phase 2, Vernon spelling October 01 Phase .453 .427 .394 <.001 
Phase 3, and Phase 4 3 
Digit Span .599 .570 .146 <.001 
Non words .641 .605 .041 .038 
The predictor, which emerged from the school-based attainment measures when they 
were entered alone, after controlling for age, was Letter Names Upper Cases, which 
accounted for approximately 16% of the variance (analysis 2, table 2.11). 
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In a further regression analysis the dyslexia-related measures and the school-based 
attainment measures were entered in blocks, the fotmer preceding the latter, after 
controlling for age (analysis 3, table 2.11). The same three predictors were entered into 
the regression equation in the same order as analysis 1, table 2.6. They accounted for 
approximately 48% of writing attainment at Key Stage 1. Digit Span accounted for 
approximately 33%, Shape Copying 10% of the valiance, and Rapid Naming for about a 
further 5%. 
Using the same procedure as in previous analyses of reversing entry in blocks of the two 
separate measures in the order of school-based measures followed by the dyslexia-
related measures a total of approximately 48% of the variability was predicted by four 
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measures; Letter Names Upper Case, Digit Span, Shape Copying, and Rapid Naming. 
The amount of variability explained by each of these measures was 16%, 20%, 8% and 
4% respectively (analysis 3a, table 2.11). 
The following regression analysis investigated which measures would emerge as 
predictors if the measures taken at Phase 1 to Phase 4 were entered in blocks in the 
sequence they were taken, after controlling for age (analysis 4, table 2.11). The 
measures of Digit Span, Shape Copying, Rapid Naming and Vernon spelling at Phase 3 
accounted for approximately 60% of the variance in writing ability at Key Stage 1. Digit 
Span accounted for approximately 33%, Shape Copying for about 10%, Rapid Naming a 
further 5%, and Vernon spelling at Phase 3 for approximately 12%. 
In a further regression analysis the school-based attainment measures were entered as a 
block, followed by the dyslexia-related measures as a block, and finally the reading and 
spelling measures obtained at Phase 3, after controlling for age. This yielded five 
predictors of writing ability at Key Stage 1, which accounted for approximately 58% of 
the variance. Letter Naming Upper Case, Digit Span, Shape Copying, Rapid Nan1ing, 
and Vetnon Spelling at Phase 3 were entered in order into the equation. Letter Naming 
Upper Case accounted for approximately 16%, Digit Span for a further 20%, Shape 
Copying for about 8%, Rapid Naming and Vetnon spelling at Phase 3 for approximately 
4% and 10% respectively (analysis 4a, table 2.11). 
In another regression analysis the dyslexia-related measures, the school-based attainment 
measures, the reading and spelling scores at Phase 3, and the reading, spelling scores at 
Phase 4, were entered in blocks in this order, after controlling for age (analysis 5, table 
2.11). This yielded predictors, which accounted for approximately 64% of the variance. 
Digit Span accounted for approximately 33% of the variance, Shape Copying for about 
10%, Rapid Naming for a further 5%, Vetnon spelling at Phase 3 and the cloze 
procedure reading at Phase 4 for a further 12% and 4% respectively. 
In the penultimate regression analysis investigating writing ability at Key Stage 1 the 
procedure of enteling the four different phase measures was followed, reversing the 
entry of the blocks of dyslexia-related measures and school-based attainn1ent measures, 
with the latter preceding the fotmer. In addition two fmiher blocks, Schonell reading 
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and Vetnon spelling at Phase 3, and reading and spelling scores at Phase 4 were entered 
in blocks in this order. All blocks were entered in sequence, after controlling for age 
(analysis 5a, table 2.11). Letter Names Upper Case, Digit Span, Shape Copying, Rapid 
Naming, Vetnon spelling at Phase 3 and cloze procedure reading at Phase 4 explained 
63% of the variability. The amount explained by each of these predictors was Letter 
Names Upper Case accounted for about 16%, Digit Span for a finther 20%, Shape 
Copying for approximately 8%, Rapid Naming an additional 4%, Vernon spelling at 
Phase 3 for another 10%, and Primary reading at Phase 4 for about 5%. 
In a final regression analysis (analysis 6, Table 2.11 ), all the measures taken at Phases 1 
to 4 were entered together, after controlling for age. Three predictors emerged, which 
accounted for approximately 61% of the variability. The Vernon spelling measure at 
Phase 3, in March 2001, accounted for approximately 43% of the valiance, Digit Span 
for a finther 14%, and Nonwords for approximately 4%. 
2.2.3.5 Mathematics 
A series of regression analyses investigated predictors of mathematics ability at Key 
Stage 1 (analyses 1 to 6, table 2.12). In the first ofthese analyses, which involved 
investigating the ability of the dyslexia-related measures to predict variance in later 
mathematics attainment, two predictors emerged which accounted for approximately 
25% of the variance, after controlling for age. Digit Span accounted for approximately 
19%, with First Letter Sound an additional6% (analysis 1, table 2.12). 
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Table 2.12 Study L1 regression analyses for mathematics Key Stage 1 Phase 5 
Variable entered Predictor R' Adj. R' Sig.F Standardised Rl. Change Change Beta Coefficients 
Final Model 
Analysis 1 
Block 1. Age Age .012 -.011 .012 .468 .002 
Block 2. Dyslexia-related Digit Span .226 .190 .214 .001 .457 
First Letter Sound .302 .251 .076 .041 .282 
Analysis 2 
Block I. Age Age .012 -.Oll .012 .468 .028 
Block 2. School attainment Letter names lower case .101 .058 .088 .048 .309 
Analysis 3 
Block I. Age Age .012 -.011 .012 .468 .002 
Block 2. Dyslexia-related measures Digit Span .226 .190 .214 .001 .457 
First Letter Sound .302 .251 .076 .041 .282 
Block 3. School Attainment measures 
- - - - - -
Analysis 3a 
Block I. Age Age .012 -.011 .012 .468 .024 
Block 2. School Attainment measures Letter names upper case .101 .058 .088 .048 .160 
Block 3. Dyslexia-related measures Digit Span .247 .192 .147 .007 .411 
Analysis 4 
Block I. Age Age .012 -.011 .012 .468 .002 
Block 2. Dyslexia-related measures Digit Span .226 .190 .214 .001 .457 
First Letter Sound .302 .251 .076 .041 .282 
Block 3. School Attainment measures 
- - - - - -
Block 4. Schonell reading & Vernon 
- - - - -
-
Spelling March 01 Phase 3 
Analysis 4a 
Block 1. Age Age .012 -.Oll .012 .468 .024 
Block 2. School Attainment measures Letter names upper case .101 .058 .088 .048 .160 
Block 3. Dyslexia-related measures Digit Span .247 .192 .147 .007 .411 
Block 4. Schonell reading & Vernon 
- - - - - -
Spelling March 01 Phase 3 
Analysis 5 
Block I. Age Age .012 -.011 .012 .468 .002 
Block 2. Dyslexia-related measures Digit Span .226 .190 .214 .001 .457 
First Letter Sound .302 .251 .076 .041 .282 
Block 3. School Attainment measures 
- - - - - -
Block 4. Schonell reading & Vernon - - - - - -
Spelling March 01 Phase 3 
Block 5. Schonell reading, Vernon 
- - - - - -
spelling & Primary Reading Test 
October 01 Phase 4 
Analysis Sa 
Block 1. Age Age .012 -.011 .012 .468 .024 
Block 2. Sc!1ool Attainment measures Letter names upper case .101 .058 .088 .048 .160 
Block 3. Dyslexia-related measures Digit Span .247 .192 .147 .007 .411 
Block 4. Schonell reading & Vernon 
- - - - - -
Spelling March 01 Phase 3 
Block 5. Schonell reading, Vernon 
- - - - - -
spelling & Primary Reading Test 
October 01 Phase 4 
Analysis 6 
Block 1. Age Age .011 -.012 .011 .500 .031 
Block 2. All measures Phase I, Phase 2, Schonell reading October 0 I Phase 4 .404 .376 .394 <.001 .533 
Phase 3, Phase 4, & Phase 5 
Digit Span .481 .443 .077 .018 .295 
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When school-based attainment measures alone were investigated, after controlling for 
age, the single measure of Letter Names Upper Case was able to predict only 6% of the 
vatiability in mathematics attainn1ent at Key Stage 1 (analysis 2, table 2.12). 
In a further regression analysis the dyslexia-related measures and the school-based 
attainment measures were entered in blocks, the former preceding the latter, after 
controlling for age (analysis 3, table 2.12). Two predictors accounted for approximately 
25% of the variability; Digit Span for about 19%, and First Letter Sound for 
approximately 6%. No school-based measures were entered into the regression equation. 
Using the same procedure as in previous analyses of reversing entry in blocks of the two 
separate measures in the order of school-based attainment measures first followed by the 
dyslexia-related measures a total of approximately 19% of the vatiability was predicted 
by two measures; Letter Names Upper Case and Digit Span, accounting for 
approximately 6% and 13% of the variability respectively (analysis 3a, table 2.12). 
The subsequent regression analysis investigated which measures would emerge as 
predictors if the measures taken at Phase 1 to Phase 4 were entered in blocks in the 
sequence they were taken, after controlling for age (analysis 4, table 2.12). The 
measures of Digit Span and First Letter Sound in this regression analysis accounted for 
approximately 25% of the variance. Digit Span accounted for approximately19% with 
First Letter Sound the remaining 6%. None of the reading and spelling measures at 
Phase 3 was entered into the equation as predictors. 
Once again in a further regression analysis the first two blocks that were entered after 
controlling for age were the school-based attainment measures and then the dyslexia-
related measures, followed by the reading and spelling scores at Phase3 (analysis 4a, 
table 2.12). The analysis yielded predictors, which accounted for approximately 19% of 
the valiance. Letter Names Upper Case accounted for approximately 6%, with Digit 
Span an additional13%. Once again, as in the previous analysis neither of the reading 
nor spelling attainment scores obtained as measures at Phase 3 was entered into the 
equation. 
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In a further regression analysis the dyslexia-related measures, the school-based 
attainment measures, the reading and spelling scores at Phase 3, and the reading and 
spelling scores at Phase 4, ｷ･ｾﾷ･＠ entered in blocks in this order, after controlling for age 
(analysis 5, table 2.12). This yielded the same predictors as emerged in analyses 1, 3 and 
4 of the previous regression analyses conducted on mathematics ability. The total 
variance accounted for by Digit Span and First Letter Sound was approximately 25%, 
19% and 6% respectively. Consistent with previous regression analyses, which had 
included reading and spelling scores at Phase 3 and Phase 4 none of these measures 
emerged as predictors of mathematics ability at Key Stage 1. 
In the penultimate regression analysis investigating mathematics ability at Key Stage 1 
the procedure of entering blocks of the four different phase measures was followed, 
reversing the entry of the blocks of dyslexia-related measures and school-based 
attainment measures, with the latter preceding the fmmer, after controlling for age 
(analysis 5a, table 2.12). Letter Names Upper Case accounted for 6% of the variance, 
Digit Span for approximately 13%. No reading and spelling measures taken at Phase 3 
and Phase 4 emerged as predictors. 
In a final regression analysis (analysis 6, Table 2.12), all the measures taken at Phases 1 
to 4 were entered together, after controlling for age. Two predictors emerged, which 
accounted for approximately 25% of the variability. Digit Span accounted for 
approximately 19% of the variance, with First Letter Sound accounting for the other 6%. 
2.2.4 Discussion 
The results indicate that specific dyslexia-related measures taken from the DEST, 
specifically Sound Order and Rapid Naming, and school-based attainment tneasures of 
Letter Natnes Lower Case were reliable predictors of the reading and spelling skills of 
these young children in their initial years of formal schooling. Specifically, the ability to 
process the order of rapidly presented auditoty stimuli and name letters in the reception 
year were related to reading and spelling ability in the second half of Year 1. 
Additionally, the ability to name objects quickly was also predictive of reading ability in 
these children, particularly text reading at the end of Year 1. The other dyslexia-related 
measures, as well as school-based attainment measures, provided little evidence of 
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predicting extra variability over these variables in these initial stages of learning literacy 
skills. 
However, the profile of predictors that emerged from the Key Stage 1 analyses indicated 
that the dyslexia-related measures of Digit Span and Bead Threading were now entered 
into the equation. These contributed substantially to the variability in reading attainment 
at the end of the third year off01mal education when the children were aged 6 years 9 
months to 7 years 8 months (mean age 7.23 years). The school-based attainment 
measure of Letter Names Upper Case had now become a predictor, suggesting there 
migl).t be a difference between upper and lower case letter acquisition in young children. 
In addition, Phase 3 single word reading, when the children's mean age was 
approximately 6 years proved to be a predictor of future skills. 
The Sound Order sub-test is of particular interest in its ability to predict variance in 
reading at each stage of the study. The designers of the measure used in this study 
(Nicolson & Fawcett, 1996) drew on the work ofTallal (1980) who hypothesised a 
causal link between temporal order judgements, or auditory processing deficits, and 
reading disability (see Section 1 on the temporal processing hypothesis for further 
details). The fact that it has emerged as a predictor of later literacy attainment in pre-
literate children appears to be a new finding in the literature. The work of Tallal and her 
colleagues (Tallal, 1980; Tallal, Miller, Jenkins & Merzenich, 1997, 1998) has focused 
on understanding etiology of early language impaitment and the relationship between 
specific language impaitment and dyslexia. Evidence from other researchers has shown 
a link between children's early language impaitments and dyslexia, specifically those at 
genetic risk of dyslexia (e.g. Gallagher, Frith & Snow ling, 2000) and very young 
children deficient in language skills related to pronunciation accuracy, receptive 
vocabulary and object naming abilities (e.g. Scarborough, 1990). However, in recent 
years several independent researchers have failed to find evidence to supp01t a causal 
link between an auditory processing deficit and reading disability in either adults or 
children, whilst others have been overtly critical of the concept (Bishop, Carlyon, Deeks 
& Bishop, 1999; Marshal, Snowling & Bailey, 2001; Mody, Studdert-Kennedy & Brady, 
1997; Nittrouer, 1999; Share, Jorn1, Maclean & Matthews, 2002; Studdert-Kennedy & 
Mody, 1995; Studdert-Kennedy, Mody & Brady, 2000). Share et al. (2002) conclude 
that at present the evidence for an auditory processing deficit is characterised by the 
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highly divergent nature of literature on temporal processing, which is in direct contrast to 
the highly convergent nature of research literature on phonological processing. One of 
the problems with ascribing poor perfotmance on the Sound Order test to underlying 
deficits in processing the temporal order of sounds is that the task requires the participant 
to attach a verbal label to each of the non-verbal sounds (e.g. Wagner & Torgesen, 1987) 
in addition to demands on working memory. The evidence fron1 longitudinal Study L 1 
suggests that this particular measure provides robust evidence as a predictor across all 
but the final phase of the study suggesting it may be very important in the beginning 
stages of learning essential literacy skills. Interestingly, it remains a predictor only in the 
spelling at Key Stage 1 whereas Digit Span becomes the main predictor of the other Key 
Stage 1 skills. The claim that working memory, as measured by the Digit Span test, may 
play a key role in perfmmance on the Sound Order tasks appears to gain some supp011 as 
these two measures are moderately cotTelated. There is the added complexity of a 
relationship between the Sound Order task and phonological measures used in this study, 
botne out by the moderate correlations between these measures, which adds to the 
complexity of teasing apart what such a temporal processing task actually measures. 
However, in support of its inclusion in the screening of young children it appears to tap 
an underlying cognitive skill, which may have been overlooked to date in previous 
research with pre-literate children. 
In contrast to the Sound Order test, the dyslexia-related measures of Phonological 
Discrimination and Rhyme/First Letter Sound, as well as the school-based rhyme 
measure, proved poor predictors of future literacy skills. These findings support 
research evidence which suggests that other phonological tasks, such as phoneme 
deletion tasks, may be much more predictive of later reading ability than rhytne tasks 
(Duncan, Seymour & Hill, 1997; Muter, Hulme, Snowling & Taylor, 1998). As with the 
Rapid Naming task discussion above, it could be that measures of phonological ability 
varies with development and that the rhyme-based tasks used in this study were simply 
not sensitive enough for use with the cohort tested. A longitudinal study by Scarborough 
(1990) provides further support for the hypothesis that predictors of later literacy 
development change with age. Between two and three years of age, children who later 
developed reading disabilities were deficient in language skills related to pronunciation 
accuracy, receptive vocabulaty and object-naming abilities. By five years old, these 
same children exhibited weaknesses in object naming, phonemic awareness and letter-
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sound knowledge. Furthetmore, Libetman, Shankweiler, Fischer and Carter (1974) 
presented evidence for the development of syllable-level to phoneme-level processing 
skills between nursery and the end of grade one. In their study, the youngest children 
were able to segment by syllables, but none could segment by phonemes until the end of 
the first grade when only about 46% could perf01m at the phoneme level of analysis. 
The children tested in the present study showed a similar trend in improven1ent, with 
average scores on the rhyme task perfmmed part-way through the reception year (the 
first year of formal literacy instruction) approaching ceiling for the test, indicative of the 
majority of children having acquired these skills. Such results question the use of the 
same test items across the whole of this age range. 
However, a further analysis of the Rhyme/First Letter Sound task was canied out. It was 
decided to split this single measure into two component pal1s in order to discover 
whether doing so would add further detail to the analysis of predictors. If these tasks are 
indeed separate stages of development of phonological ability, that is the ability to detect 
rhyme and the ability to segment the first sound of a word, then it would be expected that 
the children would perform better on one aspect than the other. If on the other hand, 
detection of whether words rhyme or not requires segmentation at the onset-rime level 
(Goswami, 1990) then splitting this n1easures should not produce different results. In 
fact splitting the Rhyme/First Letter Sound did had not have an effect on prediction of 
any literacy-related skill throughout the phases of the study. Outcome attainment could 
not be predicted by this measure although there were low to moderate correlations 
between the ability to detect rhyme and spelling at Phases 3 and 4, and single word 
reading at Phase 4. For the most patt both the combined measures of Rhyme/First Letter 
Sound task and splitting this into two palts demonstrated that it was poorly related to 
subsequent outcome in literacy skills. In a longitudinal study with pre-readers Muter 
(1998) found that rhyme detection and production did not predict reading skills after two 
years but did contribute to spelling in the last year of her study. The conclusion that 
Muter drew fi·om her longitudinal study was that phonological awareness comprises 
independent sub-skills that reflect children's awareness of different units of sounds, that 
is phonetnes in segmentation; onset-rime units in rhyming tasks. A range of 
phonological skills therefore appear to have the ability to predict future reading skills, 
although the sensitivity of different measures appear to be reflected by the age of the 
children being tested. The evidence from this study adds to the growing body of 
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research evidence that rhyme is not a good predictor of later literacy skills; in fact letter 
knowledge is a much better tneasure to use (for a review see Macmillan, 2002). 
Interestingly, the First Letter Sound task was found to be significantly con-elated to, as 
well as a significant predictor of, scores on the Key Stage 1 mathematics test. If such a 
relationship is found to be reliable, it suggests that one or other of these tasks may not be 
a valid measure of the underlying skills they have been designed to assess. 
One of the findings from Study L1 was that there was a near perfect con-elation between 
the reading test and the reading comprehension test. Both, in essence, appear to be 
measuring the same thing suggesting the lack of rationale for including both in the Key 
Stage 1 results. The Key Stage 1 tests are not without their critics mainly because it has 
been argued that they do not truly reflect the attainment of children, who reach a ceiling 
on some of the tests, hiding the true ability of such young children. Stainthorp (1997) 
reported the findings of a study conducted by Reading University that monitored two 
groups of children throughout their time in Key Stage 1. Two groups of children were 
selected to participate: the first group were classified as Early Non-Readers (ENR); the 
second group as Young Early Readers (YER). The striking difference between these 
two groups of young 4 to 5 year old children was that the at the outset of the project the 
YER 'had been shown to unofficially achieving level 2 before they began school' 
(Stainthorp, 1997, p.35). Whilst children who are achieving at level3 may go on to sit 
level4, the start of the Key Stage 2 tests for 11 year olds, in reality this is not an option 
because they would be required to undertake all the tests at this level, with writing, 
spelling and mathematics reflecting lack of inshuction, maturity and experience. Of 
equal concetn is that the Standard Assessment Tests, that is the Key Stage 1 tests, may in 
fact be masking the decline in national reading standards when con1pared with a 
standardised test such as the Primary Reading Test (Davies, Brember & Pun1frey, 1995; 
Pumfrey & Elliott, 1991). A closer inspection of the validity of Key Stage 1 tests as hue 
measures of reading ability is discussed in the general discussion of this section. 
School-based attainment measures of letter knowledge offered more insight into future 
literacy acquisition than the equivalent measure from the DEST. The ability to recognise 
and name upper and lower case letters seems well documented in the research literature 
as being one of the best predictors of literacy skills amongst young children (for example 
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Adams, 1990; Badian, 1994). In fact "[T]his single factor accounted for 25 to 36 
percent of the variation in reading ability at the end of the year, and it did so regardless 
ofinsttuctional approaches" (Adams, 1990, p.43). Gallagher, Frith and Snowling (2000) 
found evidence to support this premise in a longitudinal study that reported the 
precursors of literacy delay in young children at risk of dyslexia. They found that, as 
early as 45 months, the strongest predictor of later literacy ability at 6 years was pre-
school letter knowledge. The findings of the present study are consistent with these 
conclusions, but point to the separation of letter names and letter sounds in assessment 
procedures. Evidence from this study with young children in the beginning phases of 
their education points to the sensitivity of Letter Names Lower Case as a predictor of 
literacy skills approximately 18 months and 24 n1onths after school entry. On 
examination of both correlation and regression analyses, there was evidence that whereas 
Letter Sound Upper Case was poorly related to literacy at all stages of attainment in the 
study, Letter Names Upper Case was moderately conelated with all stages of attainment 
and Letter Names Upper Case emerged as a predictor of reading at Key Stage 1. The 
combination of names and sounds in the DEST measure may have led to the poor 
predictive ability of this test with the current cohort. 
The dyslexia-related measure that predicts the most variability in reading, 
comprehension, writing and mathematics in Key Stage 1 tests is Digit Span. The 
relationships between dyslexia and problems in working memory skills are well 
established in the literature (see Section 1 for a discussion). Working men1ory has been 
argued to be required to attend, store and manipulate infotmation, processes that may be 
impoliant for the successful completion of tasks in the national curriculum tests. The 
finding that working memory may play a critical role in Key Stage 1 tests is consistent 
with an investigation undertaken by Gathercole and Pickering (2000). They focused on a 
range of measures of working memory and concluded that their study 'provided 
substantial evidence for close links between children's perfmmance on national 
curriculum assessments at 7years of age and their working memory skills' (Gathercole & 
Pickering, 2000, p.189). Consistent with the conclusions ofGathercole and Pickering, 
the present regression analyses indicated that Digit Span emerged as a significant 
predictor of performance level in all five areas of the national curriculum tests. 
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None of the other measures in the study provided significant extra prediction of literacy 
outcome over and above those measures discussed above, except for the visual/motor-
related measures of Bead Threading and Shape Copying. However, these seemed weak 
relationships with the outcome measures and only occuned at isolated phases of the 
study. Although such tasks may be important predictors of some areas of deficit amongst 
children with specific literacy deficits (see Nicolson & Fawcett, 1996), or may be 
important to identifying areas of strength amongst these same children, they appear to 
provide only marginal prediction of future literacy skills amongst the cohort tested. 
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2.3 StudyL2 
2.3 .1 Introduction 
The aim of Study L2 was to use an older cohort of boys to investigate developing skills, 
which might predict future attainment. The study followed the children tested from 
midway through Year 1 until the end of Year 2, with the final analyses based on the 
results of Key Stage 1 tests, following the same procedure as Study L1. The dyslexia-
related measures used in Study L1 were designed to span the age group 4 years 6 months 
to 6 years 5 months and therefore were ideal for using with both studies. This would 
enable a direct comparison to be made between the younger children in Study L 1 and the 
older children in this study. In addition because these children were older at the first 
point of testing there was the opportunity to use standardised tests of reading and 
spelling to assess how well these children were progressing. These replaced the 
measures of letter knowledge, names and sounds of lower and upper case letters, 
nonword reading and rhyme judgement used with Study L1, thought to be inappropriate 
for this older age group. 
At several stages during the study, the children were assessed on their progress in 
literacy. The focus ofthe analyses was which, if any, ofthe dyslexia-related measures 
used in the study, either alone or in combination with school-based assessment 
procedures, could reliably predict literacy at each of the points of assessment. Analyses 
therefore focused on the degree of relationship between predictor and outcome measures, 
and specifically contrasted the level of prediction provided by the different dyslexia-
related and school-based assessment n1easures used. These analyses should inform 
procedures for selecting appropriate measures for use in screening tools as well as 
theories of literacy acquisition and literacy proble1ns. 
2.3.2 Method 
2.3.2.1 Patiicipants 
Out of a total of 53 boys who were attending the Year 1 class of the same independent 
school in the South-East of England, all initially participated in the study. Attrition of 
one boy shmily after the con1mencement of the study, due to family relocation, reduced 
the number to 52. Results are reported for these 52 only. At the sta11 of the study, the 
boys were aged between 5 years 4 years and 6 years 3 months (mean age 5.84 years, SD 
0.28). 
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The participants in this study were selected from the san1e independent school as those in 
Study L1 to enable a comparison to be made. The cohort selected was a relatively 
homogenous group in terms of socio-economic and educational background, with the 
majority from middle class backgrounds and professional occupation parents. Neither 
socio-economic nor educational background factors, therefore, would be likely to lead to 
literacy acquisition problems in this cohort. A single sex cohort is likely to be at a 
similar level of development in tenns of language experience and some research 
suggests that boys are more likely than girls to be dyslexic (e.g. Miles, Haslum & 
Wheeler, 1998). This cohort, together with the participants in Study L2, were selected 
because research suggests more boys than girls go on to be diagnosed as dyslexic or 
identified as having literacy problems with the most recent study by Rutter et a/. 
appearing to confirm this (Rutter, Caspi, Fergussen, Horwood, Goodman, Maughan, 
Moffit, Meltzer & Canon, 2004). It was hoped that future research could utilise 
infotmation fi·om the longitudinal studies of any boys who were later assessed and 
classified as dyslexics complementing current research findings of the diverse and 
complex nature of dyslexia in children through single case studies analyses. 
School records indicated that none of the boys tested had a known physical or 
neurological deficit that might interfere with educational achievement. The school's 
procedures again provided an ideal opportunity to contrast its own tests with those of the 
dyslexia-related measures taken fi·om the DEST. Although the selected cohort means 
that caution needs to be taken before generalising findings to all children, it provides an 
appropriate sample on which to assess the effectiveness ofthe DEST and its sub-tests for 
the target population proposed by the test designers; that is all children at school entry. 
If the test fails in its predictive validity with the present cohott, the envisaged target 
population needs to be re-determined. 
2.3.2.2 Materials and Procedures 
2.3.2.2.1 Phase 1 (Mean age 5.84, SD .28; UK Year 1) 
The same dyslexia-related measures used in Study L 1 and identical procedures for 
administration were used. A qualified specialist teacher administered both the nine 
dyslexia-related measures and the Schonell Single Word Graded Reading test 
individually to each child (Schonell & Schonell, 1956). The latter is an attainment test, 
which presents the child with a list of individual words, graded in order of difficulty, 
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without contextual cues. The raw score was used rather than attempting to convert to 
age-equivalents. The rationale for doing this was that the norms for this test begin at age 
6 and therefore some of the boys failed to score a sufficient number of words correctly 
for these to be converted to age-equivalents. Raw scores were used to provide a more 
sensitive guide to ability to read single words. 
The three form teachers administered simultaneously the same spelling test, the V em on 
Graded Word Spelling Test (Vetnon, 1997) to the whole year group. Each word was 
individually and orally presented, followed by presentation of the word in the context of 
the sentence and lastly individually again. The boys were required to write down the last 
word only. The same rationale of using raw scores was followed for the second 
attainment test administered, the Ven1on Graded Word Spelling Test 
2.3.2.2.2. Phase 2 (Mean age 6.68, SD .28, UK Year 1) 
Ten months after Phase 1 further attainments tests of single word reading, text level 
reading and spelling were administered. Once again the Schonell Single Word Graded 
Reading Test was administered individually to each child away from the classroom to 
avoid distractions. The same procedure for administeting the test and scoring was used 
as in Study Ll. The two other attainment tests, the spelling test and the text level 
reading test, were administered to groups of children rather than individually. These 
tests formed part of the notmal year group screening procedures in the school in the 
autumn term, the period when the children had progressed from Year 1 into the 
beginning of Year 2. The three f01m teachers administered simultaneously the san1e 
spelling test as used in Phase 1, the Vernon Graded Word Spelling Test, to the whole 
year group. Raw scores were retained and used as attainment scores. 
The NFER Group Reading Test II (Form A) (France, & Cotnwall, 1997) was 
administered simultaneously by the three form teachers to the whole year group. This 
task involved completing the sentence by choosing the correct item that fitted into the 
sentence from a set of altetnatives. After the practice item( s) the boys were required to 
read silently and select the approp1iate word to fill the gap. Raw scores were again used 
as some boys failed to produce enough correct responses to convert to age equivalents 
for prose reading. 
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2.3.2.2.3 Phase 3 (Mean age 7.24, SD .30, UK Year 2) 
Approximately 16 months after the Phase 1 testing, the boys took national curriculum 
tests at Key Stage 1. A detailed description of each of the Key Stage tasks/tests can be 
found in this section, sub-section 2.2.2.2.8, p.64). Once again this consisted of the 
administration of the national curriculum tasks/tests for Key Stage 1 by form teachers 
that occurred between January and June 2000. The tasks/tests used were those provided 
by the Qualifications and Curriculum Authority on behalf of the DfEE. For present 
purposes, scores on reading, comprehension, writing, spelling and mathematics tests 
were used. The same numerical values as utilised in Study L1 were applied to these test 
results for analyses of attainment. 
2.3.2.2.3 Key Stage 1 tasks/tests 
The same range of Key Stage 1 tests used in Study Ll were utilised in this longitudinal 
study. For a full description of the tasks/tests see sub-section 2.2.2.2.8, p.64. 
2.3 .2.2.4 Utilising attainment grades 
In order to utilise the attainment grades for the purpose of analysis these were assigned 
numerical values thus dispensing with less meaningful raw scores (Gathercole & 
Pickering, 2000). Hence the following numerical values were used: 0 (X and W), 1 (L 
and 1), 2 (2c), 3 (2b and 2), 4 (2a), 5 (3). These numerical values were used in the 
regression analyses. 
Only children reaching at least level2 on the reading task, the nationally expected 
standard for attainment, undertake the reading comprehension and spelling tasks/tests 
othetwise they are deemed exempt. In this cohort 4 boys, approximately 8% (7.7%), 
were exempt from the reading comprehension and spelling tasks/tests. 
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2.3.3 Results 
Several variables were used in the results. Their means and standard deviations are 
presented in Table 2.13. Relationships among the vatiables were established using 
Pearson product moment con-elations, presented in Table 2.14. 
Table 2.13 Study L2 average scores and standard deviations (SD) produced by the 52 
children tested for each of the vatiables measured 
Variable Mean SD Variable Mean SD 
DESTAtRisk Schone11 Single word 
Quotient .19 .20 reading at Phase 1 21.90 11.72 
Maximum score: 100 
Rapid Naming Vernon Graded word 
Time in seconds 53.12 31.23 Spelling Phase 1 11.81 4.55 
Maximum score: 50 
Bead Threading Schonell Single word 
Score: number of 4.38 1.68 reading at Phase 2 27.56 9.80 
beads threaded in 30 Maximum score: 100 
seconds 
Phonological Vernon Graded word 
Discrimination 8.37 1.43 Spelling Phase 2 18.81 6.33 
Maximum score: 9 Maximum score: 50 
Rhyme/First Letter Sentence Completion 
Sound 11.81 1.98 Reading Task (cloze) Phase 27.56 9.80 
Maximum score: 13 2 
Maximum score: 48 
Digit Span Key Stage 1 
No of digit sequences 5.88 1.84 Reading 4.25 1.33 
out of 14 Maximum score: 5 
Digit Naming Key Stage One 
Maximum score: 7 6.98 .14 Spelling Task 3.56 1.46 
Maximum score: 5 
Letter Naming Key Stage 1 
Maximum score: 10 9.52 1.00 Comprehension 4.12 1.71 
Maximum score: 5 
Sound Order Key Stage 1 
Maximum score: 16 14.46 2.03 Wtiting 3.17 1.08 
Maximum score: 5 
Shape Copying Key Stage 1 
Maximum score: 21 13.63 2.84 Mathematics 4.31 .96 
Maximum score: 5 
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Table 2.14 Study L2 Pearson con-elation coefficients between screening and literacy 
variables 
Predictors Reading Spelling Reading Spelling Reading Key Key Key Key 
Single Single Single Single prose Stage 1 Stage 1 Stage 1 Stage 1 
word word word word (cloze) Reading Spelling Comprehension Writing 
Phase 1 Phase 1 Phase2 Phase2 Phase2 Phase 3 Phase 3 Phase 3 Phase 3 
At Risk -.390** -.513 -.424** -.455** -.198 -.445** -.511** -.497** -.357** 
Quotient 
Rapid Naming -.573** -.604** -.552** -.558** -.330* -.692** -.659** -.756** -.535** 
Bead Threading .265 .325* .294* .281* .189 -.062 .151 -.101 .024 
Phonological .042 .021 -.058 .108 -.105 .096 .211 .055 .136 
Discrimination 
Rhyme/First .332* .442** .235 .312* .026 .228 .478** .273 .236 
Letter 
Sound 
Digit Span .457** .379** .506** .511** .360** .261 .359** .191 .276* 
Digit Naming .264 .364** .167 .284* .042 .346* .441 ** .423** .285* 
Letter Naming .391** .410** .344* .304* .035 .359** .402** .388** .406** 
Sound Order -.043 .200 .027 .125 .068 .145 .162 .255 .097 
Shape Copying .412** .374* .425** .335* .305* .390** .415** .340* .386** 
Reading single 
"' 
.843** .871** .771** .590** .635** .687** .595** .697** 
words Phase 1 
Spelling single 
"' 
.771** .750** .542** .581** .643** .557** .684** 
words Phase 1 
Reading single * .835** .763** .707** .575** .683 .658** 
words Phase 2 
Spelling single 
"' 
.587** .597** .690** .546** .675** 
words Phase 2 
Reading (cloze) 
"' 
.537** .399** .519** .421** 
Phase 2 
Key Stage 1 
"' 
.625** .946** .667** 
Reading 
Phase 3 
Key Stage I * .594** .696** 
Spelling 
Phase 3 
Key Stage 1 
"' 
.626** 
Comprehension 
Phase 3 
Key Stage 1 * 
Writing 
Phase 3 
Key Stage 1 
Mathematics 
Phase 3 
These results suggest that some children in the age range 5 years 4 months to 6 years 3 
months can produce maximum scores on the dyslexia-related measures taken from the 
DEST. Of particular note are the phonological measures. In the Rhyme/First Letter 
Sound 98% of the children demonstrated a ceiling effect, with Phonological 
Discrimination of two spoken words showing a result that indicated 71% obtained a 
maximum score. In addition the measures of Letter Naming, Digit Naming, and Sound 
Order were also prone to ceiling effects in this cohort of children. 
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Key Stage 
1 
Maths 
Phase 3 
-.412** 
-.645** 
.069 
-.041 
.361** 
.253 
.340* 
.361** 
.167 
.388** 
.576** 
.547** 
.642** 
.475** 
.443** 
.723** 
.434** 
.777** 
.515** 
* 
Table 2.14 presents Pearson product moment correlations that indicate significant 
relationships between UK Year 1 screening measures and literacy ability following three 
years of formal instruction. There is evidence from the conelations that some ofthe 
dyslexia-related measures are related to subsequent reading and spelling ability. 
However, in accordance with evidence from Study L1 with pre-literate children, the 
measure of Phonological Disctimination is only poorly related to literacy skills, with 
Rhyme/First Letter Sound being moderately correlated to initial reading and spelling at 
Phase 2, and only related to spelling and mathematics at Key Stage 1 at average to 
moderate levels respectively. 
In order to assess the possibility that a single measure, or a combination of dyslexia-
related measures, may provide the best level of prediction of future literacy difficulties a 
seties of regression analyses was perfotmed to determine the relative contribution of 
each in predicting achievement, firstly with reading and spelling at Phase 2 and then the 
attainments of reading, comprehension, writing, spelling and mathematics at Key Stage 
1. In each of the analyses, the age of the child at the start of the study was controlled by 
its entry into the regression equation before any other measure. Although the dyslexia-
related measures taken from the DEST allows for a combined score, the at risk quotient, 
this was not the focus of interest (see Simpson & Everatt, 2001 and Simpson & Everatt, 
in press, for a discussion of this issue). 
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2.3.3.1 Reading 
The initial regression analyses (analyses 1, tables 2.15 to 2.17) were conducted to yield 
predictors for reading attainment at the end of Phase 2 and again at the end of Phase 3 
(Key Stage 1, national cuniculum results). 
Table 2.15 Study L2 regression analyses for single word reading Phase 2 
Variable entered Predictm· ｒｾ＠ Adj. R1- R' Sig.F Standnrdised Beta 
Change Change Coefficients Final 
Model 
Analysis 1 
Block 1. Age Age .128 .111 .128 .009 .197 
Block 2. Dyslexia-related measures Rapid Naming .371 .345 .242 <.001 -.736 
Digit Span .493 .461 .123 .001 .287 
Digit Naming .557 .519 .064 .012 -.394 
Analysis 2 
Block 1. Age Age .128 .111 .128 .009 .058 
Block 2. Dyslexia-related measures; Schonell reading .761 .752 .633 <.001 .850 
Schonell reading and Vernon spelling 
February 1999 Phase 2 
Table 2.16 Study L2 regression analyses for cloze reading Phase 2 
Variable entered Predictor IP Adj. R1 n.z Slg.F Standardised Beta 
Change Change Coefficients Final 
Model 
Analysis 1 
Block 1. Age Age .041 .022 .041 .148 .034 
Block 2. Dyslexia-related measures Rapid Naming .301 .273 .260 <.001 -.750 
Digit Span .449 .415 .148 .001 .322 
Digit Naming .514 .473 .065 .016 -.398 
Analysis 2 
Block 1. Age Age .041 .022 .041 .148 -.110 
Block 2. Dyslexia-related measures; Schonell reading .715 .704 .674 <.001 .802 
Schonell reading, Vernon spelling 
February 1999 Phase 2 
Digit Span .738 .721 .022 .048 .168 
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Table 2.17 Study L2 regression analyses for reading Key Stage 1 Phase 3 
Variable entered Predictor Rz Adj.R1 Rz Sig.F Standardised Beta 
Change Change Coefficients Final 
Model 
Analysis 1 
Block 1. Age Age .076 .057 .076 .048 .233 
Block 2. Dyslexia-related measures Rapid Naming .500 .479 .424 .000 -.959 
Digit Naming .556 .528 .056 .017 -.395 
Bead Threading .606 .573 .050 .018 -.250 
Analysis 2 
Block 1. Age Age .076 .057 .076 .048 .205 
Block 2. Dyslexia-related measures, Rapid Naming .500 .479 .424 <.001 -.589 
Schonell reading & Vernon spelling 
February99 
Schone It Reading February 99 .567 .540 .067 .009 .385 
Bead Threading .625 .593 .058 .010 -.287 
Rhyme/First Letter Sound .669 .633 .044 .017 -.252 
Analysis3 
Block 1. Age Age .076 .057 .076 .048 .177 
Block 2. Dyslexia-related measures; Schonelt reading October 99 .501 .480 .425 <.001 .502 
Schonell reading & Vernon spelling 
February 99; Schonell reading October 
99, Vernon spelling October 99; Group 
reading test October 99 
Rapid Naming .632 .609 .131 <.001 -.507 
Bead Threading .706 .681 .074 .001 -.317 
Rhyme/First Letter Sound .730 .701 .025 .046 -.190 
The first regression analysis was conducted using only the dyslexia-related measures 
taken from the Dyslexia Early Screening Test (DEST; Nicolson & Fawcett, 1996). After 
controlling for age, an extra 40% of the valiability of reading at Phase 2 could be 
accounted for by three measures. Rapid Naming accounted for approximately 24% of 
the valiance, Digit Span for about 11% of the variance, and Digit Naming for a further 
6% (analysis 1, table 2.15). 
The second regression analysis for single word reading used the same dyslexia-related 
measures with the addition of reading and spelling measures at Phase 1. A single 
valiable, single word reading at Phase 1, accounted for 64% of the valiance in reading at 
Phase 2, after controlling for age (analysis 2, table 2.15). 
Two further regression analyses were conducted to investigate predictors of reading 
ability on a task that requires the child to select a word from list to complete the 
sentence, a cloze procedure exercise. In the first of these regression analyses only the 
dyslexia-related measures were entered, after age. Three measures accounted for 45% of 
the valiance. Rapid Naming accounted for approximately 25% of the variability, Digit 
Span for a further 15%, and Digit Naming for about 5% (analysis 1, table 2.16). In the 
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second regression analysis, in addition to the dyslexia-related measures, reading and 
spelling at Phase 1 were included. This indicated that 70% of the variability in the text 
level reading task could be accounted for by two measures after controlling for age. 
Single word reading at Phase 1 accounted for 68% of the variability, with Digit Span 
explaining a further 2%. 
Further regression analyses were conducted to investigate the predictors of reading 
attainment at Key Stage 1 (table 2.17). The initial analysis (analysis 1, table 2.) 
investigated the amount of variance in reading ability which could be accounted for by 
the dyslexia-related measures alone, after controlling for age. This analysis yielded 
predictors that indicated 51% of the variability could be accounted for by three 
measures. Rapid Naming accounted for approximately 42% of the variance, Digit 
Naming for a further 5%, and Bead Threading about 4%. The second analysis used the 
dyslexia-related measures, together with reading and spelling scores at Phase 1 and 
yielded predictors that indicated 57% of the variability could be accounted for by four 
measures, after controlling for age. Rapid Naming accounted for approximately 42% of 
the variability, single word reading at Phase 1 for 6% of the variability, with an 
additional 5% and 4% respectively from Bead Threading and Rhyme/First Letter Sound 
(analysis 2, table 2.17). The final analysis of reading at Key Stage 1 included reading 
and spelling at Phase 2. After controlling for age, the results of this regression analysis 
indicated that 64% of the variability in scores could be accounted for by four measures. 
Single word reading at Phase 2 accounted for approximately 42% of the variance, Rapid 
Naming for a further 13%, with Bead Threading and Rhyme/First Letter Sound an 
additional 7% and 2% respectively. 
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2.3.3.2 Spelling 
Regression analyses were conducted to yield predictors of spelling attainment at the end 
of Phase 2 and again at the end of Phase 3 (Key Stage 1, national curriculum results). 
The same pattetn of entering the dyslexia-related measures alone, and then together with 
reading and spelling attainments scores was followed as for reading (analyses 1 and 2, of 
tables 2.18 to 2.19). 
Table 2.18. Study L2 regression analyses for single word spelling Phase 2 
Variable entered Predictor Rl Adj.Rl ｒＺＮｾ＠ Slg.F Standardised Beta 
Change Change Coefficients Final 
Model 
Analysis 1 
Block 1. Age Age .165 .148 .165 .003 .259 
Block 2. Dyslexia-related measures Rapid Naming .404 .380 .239 <.001 -.420 
Digit Span .524 .494 .120 .001 .361 
Analysis 2 
Block 1. Age Age .165 .148 .165 .003 .148 
Block 2. Dyslexia-related measures; Schonell reading .615 .599 .450 <.001 .629 
Schonell reading and Vernon spelling 
February 1999 Phase 2 
Digit Span .643 .623 .030 .048 .196 
Table 2.19. Study L2 regression analyses for spelling Key Stage 1 Phase 3 
Variable entered Predictor ｒＺＮｾ＠ Adj. R1 ｒＺＮｾ＠ Sig. F Standardised Beta 
Change Change Coefficients Final 
Model 
Analysis 1 
Block I. Age Age .076 .058 .076 .047 .155 
Block 2. Dyslexia-related measures Rapid Naming .457 .435 .381 <.001 -.629 
Analysis 2 
Block 1. Age Age .076 .058 .076 .047 .034 
Block 2. Dyslexia-related measures; Schonell reading February 99 .473 .452 .397 <.001 .429 
Schonell reading & Vernon spelling 
February99 
Rapid Naming .578 .552 .105 .001 -.398 
Phonological Discrimination .612 .579 .034 .048 .185 
Analysis 3 
Block I. Age- enter Age .076 .058 .076 .047 .111 
Block 2. Dyslexia-related measures; Vernon Spelling October 99, .476 .455 .400 <.001 .463 
Schonell reading & Vernon spelling Phase 2 
February 99; Schonell reading October 
99, Vernon spelling October 99; Group 
reading test October 99 
Rapid Naming .585 .559 .109 .001 -.398 
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The first regression analysis indicated that 34% of variability in single word spelling 
scores at Phase 2 could be accounted for by two measures, after controlling for age. 
Rapid Naming accounted for approximately 23% of the variance and Digit Span adding 
about 11% of the variance, after controlling for age (analysis 1, table 2.18). 
In the second regression analysis reading and spelling at Phase 1 were entered together 
with the dyslexia-related measures. Results from the analysis indicated that 47% of the 
variability in perfom1ance could be predicted by two measures, after controlling for age. 
Single word reading accounted for 45% of the variance, with Digit Span adding 
approximately 2% (analysis 2, table 2.18). 
Subsequent regression analyses were used to detetmine predictors of spelling at Key 
Stage 1, Phase 3 of the study. In the initial analysis only the dyslexia-related measures 
were entered into the regression. This led to Rapid Naming en1erging as the single 
predictor of spelling at this level of attainment, accounting for approximately 38% of the 
variance, after controlling for age (analysis 1, table 2.19). 
A second regression analysis included the variables of reading and spelling at Phase 1 
with the dyslexia-related measures. This indicated that three measures accounted for 
52% of the variance in scores, after controlling for age (analysis 2, table 2.19). Single 
word reading at Phase 1 accounted for 39%, Rapid Naming for about 10%, Phonological 
Discrimination of words for approximately 3%. 
The final analysis of using spelling at Key Stage 1 as the dependent variable included 
Phase 3 reading and spelling scores. This yielded predictors of spelling, indicating that 
50% of the valiance in scores could be accounted for by two measures, after controlling 
for age. Spelling at Phase 2 accounted for 40%, Rapid Naming for approximately 10% 
(analysis 3, table 2.19). 
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2.3.3.3 Comprehension 
Regression analyses for comprehension attainment at Key Stage 1 followed the same 
procedure as conducted on reading and spelling scores. The first analysis entered the 
dyslexia-related measures into the analysis after age. Two measures accounted for a 
vatiance of 55% in comprehension at Key Stage 1: Rapid Naming accounted for 
approximately 51% of the variability, with Digit Naming a further 3% (analysis 1, table 
2.20). 
Table 2.20. Study L2 regression analyses for comprehension Key Stage 1 Phase 3 
Val"iable entered Predictor ｒｾ＠ Adj.R" ｒｾ＠ Sig.F Standardised Beta 
Change Change Coefficients Final 
Model 
Analysis 1 
Block 1. Age Age .069 .050 .069 .060 .104 
Block 2. Dyslexia-related measures Rapid Naming .585 .568 .516 <.001 -.954 
Digit naming .624 .600 .038 .032 -.294 
Analysis 2 
Block 1. Age Age .069 .050 .069 .060 .104 
Block 2. Dyslexia-related measures; Rapid Naming .585 .568 .516 <.001 -.954 
Schone II reading & Vernon spelling 
February99 
Digit Naming .624 .600 .038 .032 -.294 
Analysis 3 
Block 1. Age Age .069 .050 .069 .060 .168 
Block 2. Dyslexia-related measures; Rapid Naming .585 .568 .516 <.001 -.525 
Schonell reading & Vernon spelling 
February 99; Schonell reading October 
99, Vernon spelling October 99; Group 
reading test October 99 
Schonell reading October 99 .677 .657 .092 .001 .395 
Bead Threading .709 .684 .031 .029 -.199 
In a second regression analysis reading and spelling at Phase 1 were included as 
predictors. This analysis indicated that 55% of the valiance could be accounted for by 
two measures: Rapid Naming accounted for approximately 51% of the valiability, with 
Digit Naming a further 3% Ｈ｡ｮｾｬｹｳｩｳ＠ 2, table 2.20). None of the attainment measures of 
reading and spelling scores taken from standardised tests featured as predictors at this 
level of analysis. 
In the third and final analysis the dyslexia-related measures, reading and spelling 
measures at Phase 1 and Phase 2 were entered into the regression together. The results 
indicate that 63% of the valiance was attributable to three measures: Rapid Naming 
accounted for approximately 52% of the vatiance, single word reading at Phase 2 for a 
further 9%, with Bead Threading for about 2% (analysis 3, table 2.20). 
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2.3.3.5 Writing 
The first of the regression analyses for writing attainment at Key Stage 1 followed the 
same procedure as conducted on reading and spelling scores. The dyslexia-related 
measures were entered into the regression, after age. A single predictor, that of Rapid 
Naming, accounted for approximately 20% of the variance in writing ability at Key 
Stage One after controlling for age (analysis 1, table 2.21) 
Table 2.21. Study L2 regression analyses for writing Key Stage 1 Phase 3 
Val'iable entered Predictor Rz Adj. Rz Rz Slg.F Standardised Beta 
Change Cltangc Coefficients Final 
Model 
Analysis 1 
Block 1. Age Age .183 .166 .183 .002 .337 
Block 2. Dyslexia-related measures Rapid Naming .395 .371 .213 <.001 -.470 
Analysis 2 
Block 1. Age Age .183 .166 .183 .002 .360 
Block 2. Dyslexia-related measures; Schonell reading Febmary 99 .524 .504 .341 <.001 .568 
Schonell reading & Vernon spelling 
February99 
Bead Threading .592 .566 .068 .007 -.294 
Letter Naming .626 .594 .035 .042 .206 
Analysis 3 
Block 1. Age Age .183 .166 .183 .002 .317 
Block 2. Dyslexia-related measures; Schonell reading Febmary 99 .524 .504 .341 <.001 .366 
Schonell reading & Vernon spelling 
Febmary 99; Schonell reading October 
99, Vernon spelling October 99; Group 
reading test October 99 
Bead Threading .592 .566 .068 .007 -.303 
Vernon spelling October 99 .627 .595 .035 .041 .289 
Letter Naming .658 .621 .032 .045 .196 
A further regression was conducted entering the dyslexia-related measures, reading and 
spelling at Phase 1. The predictors for writing in this analysis indicated that 
approximately 43% of the variance was attributable to three measures: single word 
reading at Phase 1 accounted for 33% of the variability, Bead Threading for a further 
7%, and Letter Naming for about 2% (analysis 2, table 2.21). 
In the third and final analysis the dyslexia-related measures, reading and spelling 
measures at Phase 1 and Phase 2 were entered into the regression together. The results 
indicate that 45% of the variance was attributable to four measures: single word reading 
at Phase 2 accounted for approximately 34% of the variance, Bead Threading for 7%, 
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and spelling at Phase 2 for a further 2%, with Letter Naming an additional2% (analysis 
3, table 2.21). 
2.3.3.4 Mathematics 
The first of the regression analyses for mathematics attainment at Key Stage 1 followed 
the same procedure as conducted on reading and spelling scores. The nine dyslexia-
related measures were entered into the regression together, after age. A single predictor 
emerged from the analysis that accounted for 35% of the variability in mathematics at 
Key Stage 1, that of Rapid Naming (analysis 1, table 2.22). 
Table 2.22. Study L2 regression analyses for mathematics Key Stage 1 Phase 3 
Variable entered Predictor Rl Adj. R"T RT Slg.F Standardised Beta 
Change Change Coefficients Final 
Model 
Analysis 1 
Block I. Age Age .102 .084 .102 .021 
Block 2. Dyslexia-related measures Rapid Naming .455 .433 .353 <.001 
Analysis 2 
Block I. Age Age .102 .084 .102 .021 
Block 2. Dyslexia-related measures; Rapid Naming .455 .433 .353 <.001 
Schonell reading & Vernon spelling 
February99 
Analysis3 
Block I. Age- enter Age .102 .084 .102 .021 
Block 2. Dyslexia-related measures; Rapid Naming .455 .433 .353 <.001 
Schonell reading & Vernon spelling 
February 99; Schonell reading October 
99, Vernon spelling October 99; Group 
reading test October 99 
Schone II reading October 99 .543 .514 .088 .044 
Vernon spelling October 99 .589 .554 .046 .026 
A further regression analysis was conducted entering the dyslexia-related measures, 
reading and spelling at Phase 1. One predictor emerged, that ofRapid Naming, which 
accounted for 35% of the variance (analysis 2, table 2.22). 
.202 
-.606 
.202 
-.606 
.155 
-.476 
.666 
-.410 
In the third and final analysis the dyslexia-related measures, reading and spelling 
measures at Phase 1 and Phase 2 were entered into the regression equation together. The 
results indicate that 47% of the variance was attributable to three measures: Rapid 
Naming for approximately 35% of the variance, single word reading at Phase 2 for a 
further 8%, with spelling about 4% (analysis 3, table 2.22). 
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2.3.4 Discussion 
The results indicate that one specific dyslexia-related measure, that of Rapid Naming, 
which was taken from the DESTwas a reliable predictor of reading and spelling skills in 
these young beginning readers at all stages of the analyses. In addition Digit Span 
contributed to reading and spelling at Phase 2 of the analyses but not at Key Stage 1. 
Additionally, school-based attainment measures of standardised reading and spelling 
emerged as predicting variability. The other dyslexia-related measures provided little 
evidence of predicting extra variability over these variables in the beginning stages of 
learning literacy skills. The robustness of rapid automatised naming as predicting later 
literacy attainment is in line with research findings (see Section 1 for a discussion). 
The rationale for undertaking this second study, with a cohort a year older than the pre-
readers in Study L1, was to be able to investigate skills of those children who had 
undergone some formal literacy instluction. One of the aims with this cohort was to 
investigate which measures at the outset were correlated with reading and spelling 
attainment at the time, and also to identify predictors of future achievement. In so doing 
it was hoped that the study might identify which measures would predict those at tisk for 
reading failure. As the cohotts were chosen from the same educational establishment it 
was thought extraneous factors such as socio-economic status would be n1inimised. It 
would also provide an opportunity to compare and contrast the overall findings with a 
younger pre-reading cohort. 
The conclusions from the two studies that cettain dyslexia-related measures are better 
than others, including the global score of an at tisk quotient offered by the DEST, is 
consistent with the findings rep01ted by Simpson and Everatt (200 1 ). Although the main 
aim of the two studies was not to utilise the global at risk quotient a comprehensive 
examination, through regression analyses, confirmed that this offered less variability 
than either a single dyslexia-related measure or indeed a combination of measures. 
However, Simpson and Everatt (200 1) argued that the Rapid Naming test was the best 
predictor amongst the same dyslexia-related measures used with older children, the 
Sound Order noted in the younger cohott was not related to subsequent literacy skills 
(Simpson & Everatt, in press). The findings from the two studies of pre-readers and 
beginning readers can be contrasted, where, with the exception of the text reading 
measure, Sound Order was usually entered into the regression equation before Rapid 
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Naming in the younger cohort. The main difference between these studies is the age 
range assessed. The older cohort had experienced at least one year of instruction in 
literacy-related skills. Although entry into a regression analysis should be treated with 
caution as a means of detetmining importance of prediction, these findings are consistent 
with the view that the level of prediction provided by a measure may vary with the 
age/development of the child and argue against the use of single n1easure identifiers of 
deficits that might appear at an older range; a range of different measures may be more 
appropriate to assess potential. 
On examination of the individual measures one variable en1erged as a consistent 
predictor of later attainment. This was Rapid Naming, which predicted significant 
variability in reading and spelling both at Phase 2 of the study and again at the end of the 
study, Phase 3. As early as 1976, Denckla and Rudel reported Rapid Naming 
differentiated dyslexic leatners from all other learners. The finding that Rapid Naming 
is linked with dyslexia is well documented in longitudinal research literature, and 
according to Wolf and Obregon (1992) this is more likely to occur in dyslexic 
individuals than those children whom are classified as garden-vatiety poor reading; that 
is, those whose poor reading is linked to general cognitive deficits and below average 
intelligence (Gough & Tunmer, 1986; Stanovich, 1988). The results from this study 
suggest Rapid Naming is a robust predictor of later achievement in line with longitudinal 
research, which has focused specifically on early predictors of later literacy skill (Badian 
et al., 1990; Felton & Brown, 1990; Meyer et al., 1998; Scarborough, 1998). Felton and 
Brown (1990) argue that it appears to have considerable predictive power for concuiTent 
and future reading, a feature supported by the cuiTent study. 
However, in most of the regression analyses where reading and spelling were included, 
these accounted for a higher percentage of variability than any other single vatiable. In 
particular single word reading emerged as a robust predictor of attainment at Phase 2 and 
Phase 3 of the study. Therefore, given this evidence it is possible to say that attainment 
measures account for more variability than any of the dyslexia-related measures when 
combined in the regression analyses. This held ttue apart from the reading 
comprehension and mathematics Key Stage 1 tests where Rapid Naming was still the 
most significant predictor when the scores taken at Phase 1 included single word reading 
and spelling. One could argue that literacy attainment ought to continue to predict future 
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attainment and this is what would be expected. It is well established that children failing 
at reading and spelling do so because of some level of phonological processing problem. 
In the initial stages of literacy learning this appears to be lack of knowledge that sounds 
map onto letters and vice versa, knowledge especially important at the single word level. 
Word level proficiency has become the key factor in the latest working definition of 
dyslexia to appear in the literature (BPS, 1999). However, word level proficiency is not 
a very helpful factor in deciding which underlying skills may be the cause of children's 
lack of acquisition of reading, spelling and writing skills. Children who are experiencing 
difficulties acquiring literacy do find it extremely difficult to learn accurate and fluent 
word identification skills. This means that there have to be diagnostic measures included 
alongside the attainment tests in order to establish where the difficulties lie for some 
children. Some of the children in the cutrent study, who went on to be classified as 
dyslexic, failed to read a sufficient nutnber of words conectly for their score to be 
converted to an age-equivalent reading level. The argument against just using attainment 
testing to predict future literacy skills is that those destined to be dyslexic are unlikely to 
have mastered the skills needed to read sufficient words to obtain a score which can be 
convetted to an age-referenced equivalent of reading age. Most reading tests have 
norms, which begin at age 6, and therefore this poses additional problems for young 
leatners below this age. It is also difficult just on a test of single words with such young 
children to decide on areas of strengths and weaknesses, as there are insufficient positive 
indicators in such a task that may indicate difficulties. 
An investigation of the relationship between the dyslexia-related measures and 
concurrent attainment in reading and spelling showed that some of these were 
significant. In particular, the measures of Rapid Naming, Rhyme/First Letter Sound, 
Letter Naming, Digit Span and Shape Copying. Certainly these are skills that have come 
to be associated with literacy acquisition. Phonological Discrimination, as a measure, 
was non-significant for all attainment measures inespective of the children's stage of 
literacy achievement as measured at Phase 2 and Phase 3 of the study. In addition to 
Phonological Disctimination being poorly con-elated with later achievement Sound 
Order is also an exan1ple. However, Phonological Discrin1ination emerged as a predictor 
in the Key Stage 1 analyses of spelling, but then only offered a small percentage of the 
variability in this particular skill. The Rhyme/First Letter Sound emerged as a predictor 
of reading at Key Stage 1 but not in any of the regression analyses for comprehension, 
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wliting, spelling or mathematics. It was significantly con-elated with approximately 
50% of the attainment measures. In the pre-literate study, in an attempt to investigate 
whether the rhyme element and identification of the initial phoneme in the Rhyme/First 
Letter Sound task would be more predictive if separated this was done. However, as no 
predictors emerged from Study Ll to suggest any improvement in con-elation or 
prediction it was decided not to conduct such an analysis in Study L2. The lack of 
predictive ability of the phonological measures in Study L2 appears to confitm that these 
are not sensitive enough for this cohort. This is possibly because rhyme is evident in 
children before they begin to read and is not part of the reciprocal relationship between 
reading and the development of phonological skills. That children can recognise that 
words share a common lime once the words have been segmented into onset-rime may 
be a skill essential in the earlier stages of fo1n1alleaming. The results fi·om the 
regression analyses investigating Key Stage 1 reading suggests that it still plays a 
predictive role in vatiability of attainment, albeit a small percentage. 
One measure used which emerged, as a consistent predictor of vatiability in all the 
regression analyses conducted on Phase 2 measures, was Digit Span. This suggests, 
once again, that for young children working memory plays a key role in attainment. 
However, in contrast to the previous study with younger children (Study Ll), this 
measure was not significantly con-elated with outcome on reading, comprehension or 
mathematics in the Key Stage 1 tests, nor did it predict any variability in any of the five 
national cuniculum measures. This was a somewhat surprising finding given the results 
of Study Ll where shott-tetm memory, as measured by digit span, consistently emerged 
as a strong predictor of Key Stage 1 achievement in all areas. It is also surprising in 
light of the evidence in the longitudinal studies literature that shott-tetm memory 
emerges as a strong predictor of reading (Ellis & Large, 1987; Jorm, Share, Maclean & 
Matthews, 1984; Mann & Libetman, 1984). Ellis and Miles (1981) in a review ofthe 
role of digit span in explaining differences in reading attainment suggest that this 
n1easure is one of the most common to emerge as a discriminatoty factor between 
dyslexic and notmal readers. In addition, Miles (1991) states that when investigating 
underlying problems of all poor readers showed 'a distinctive weakness in the area of 
digit span was extremely common' (Miles, 1993, p.134). It is also in direct contrast to 
the evidence presented by Gathercole and Pickering (2000) that working metnory plays a 
ctitical role in assessment of Key Stage 1 tests. Possibly the difference emerges between 
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Study L1 and Study L2, and Gathercole and Pickering's findings, because of the 
limitations of using only digits forwards as a measure of memory skills. 
In the context of the two studies there are contrasts that can be drawn between the sets of 
measures that emerged as predictors of later achievement. Within Study L1, where the 
age of the children was 4 to 5 years old, Sound Order was the most robust predictor of 
reading and spelling attainment in the first two years of the study. This measure was 
poorly cotTelated with attainment measures in Study L2, and did not emerge in any of 
the regression analyses as predicting any variability. In the younger cohort it seems 
likely the significant, albeit it, moderate coTI"elation between Sound Order and Digit 
Span suggests that these two skills may be closely inte1Telated as has been suggested by 
a number of researchers critical of the concept of an auditory processing deficit divorced 
from phonological processing (Bishop, Carlyon, Deeks & Bishop, 1999; Marshal, 
Snowling & Bailey, 2001; Mody, Studdert-Kennedy & Brady, 1997; Nittrouer, 1999; 
Share, Jorm, Maclean & Matthews, 2002; Studdert-Kennedy & Mody, 1995; Studdert-
Kennedy, Mody & Brady, 2000). In very young children learning the alphabetic script, 
learning to blends sounds into words, the ability to process the order of rapidly presented 
auditory stimuli is likely to be linked to phonological short-term memory, and as 
suggested by Rack (1994) this underlying skill is 'one of the most reliable and often 
quoted characteristics of developmental dyslexia' (Rack, 1994, p.11). However, Key 
Stage 1 analyses suggest that this predictor changes and it is the very early shot1-term 
memory skills that relate most closely to achievement at 7 years of age. Ellis (1991) 
makes the point that improvement in phonological skills promotes reading and reading 
skills in tutn improve shot1-term memory scores, something that emerges from the 
longitudinal studies he canied out with Large (Ellis & Large, 1984). Rugel (1974), in an 
analysis of digit span scores taken from the Wechsler Intelligence Scale for Children 
noted that these are depressed in struggling readers, but especially when compared to 
normal readers matched on age and intelligence (WISC; Wechsler, 1974). 
Whereas in Study L1, it had been possible to use letter knowledge, that is all the letter 
names and sounds of the complete alphabet as part of the assessment process, the same 
option was not used on the children in Study L2 because they had been in fotmal 
education for approximately 18 months, and most were considered to be beginning 
readers. There was, however, a Letter Naming task, requiring the sound or the name of 
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the letter to be given, as part of the dyslexia-related measures. 70% of the children hit 
ceiling on the DEST Letter Naming task in contrast to only 38% of the children in Study 
L 1, suggesting a developmental pattetn to learning, as one would expect. Studies that 
have used letter knowledge as an initial assessment measure have generally done so on 
the basis of the participants being non-readers. So although it is well established that 
letter knowledge is a powerful predictor of later literacy attainment amongst young 
children (see Adams, 1990; Badian, 1994; Muter & Snowling, 1998), this appears to be 
restricted to very young pre-readers. However, in support of its inclusion in this study 
Letter Naming was significantly cotTelated with all subsequent attainment, apa11 from 
Phase 2 text reading and Key Stage 1 mathematics. Letter naming also emerged as a 
predictor of writing ability at Key Stage 1. 
In conclusion, with this older cohort in the beginning stages of reading, Rapid Naming 
proved to have pat1icularly good predictive validity. As it has been consistently cited in 
the literature as a good predictor and the evidence here seems to add suppot1 for this with 
children of 5 to 6 years. The Rapid Naming task continues to provide invaluable 
information especially for those children who are likely to go on to need remediation. 
Some of the dyslexia-related measures used in this study with older children do have 
good predictive validity, particularly Rapid Naming. This is undoubtedly where some of 
the sub-tests fi.·om the DEST may prove invaluable in obtaining information about the 
positive indicators but also about areas, which need remediation. The Rapid Naming 
sub-test is undoubtedly one, which will provide invaluable inf01mation, both as a tool to 
alert teachers in identifying one of the cognitive con·elates of dyslexia, but equally as a 
sub-test, which can be used with pre-reading children as it relies solely on non-
alphanumeric infotmation. 
2.4 Discussion of longitudinal studies 
The two studies undertaken have produced both convergent and divergent results 
regarding predictors of later literacy achievement. While there is clear evidence in both 
studies that digit span, or shot1-tetm memory, is significantly cotTelated as well as 
emerging as a predictor of later attainment it does so to varying degrees. In the younger 
cohot1 it was a robust predictor of attainment at Key Stage 1 skills, across all areas. In 
the older cohort of Study L2 it did not emerge as a predictor at Key Stage 1 but did 
conttibute to vatiability in reading and spelling skills at Phase 2 of the study. Such 
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results are consistent with previous findings of depressed scores amongst poor readers on 
measures of shot1-tetm retention of digits and letters (Katz, Healy & Shankweiler, 1983; 
Shankweiler, Libetman, Mark, Fowler & Fischer, 1979). However, it remains to be 
determined whether these effects are a specific cause of dyslexia or a consequence of 
poor literacy skills (see Snowling, 2000 for a review of this argument) and whether such 
working memory deficits are more likely to be associated with certain types of literacy 
problems or are simply due to their relationship with leatning difficulties in general. 
An investigation of the improvement in scores on the various dyslexia-related measures 
demonstrates a clear developmental progression, with the children in Study L2 
performing significantly better than the children in Study L 1 when compared on 
Phonological Discrimination, Rhyme/First Letter Sound, Letter Naming, Digit Naming 
and Sound Order. In fact the results fi.·mn these two studies give clear support to claim 
made by Liberman et al. (1974) that phonological skills do improve with age. For 
example, only 18% of the children in Study L1 hit ceiling on the Rhyme/First Letter 
Sound whereas 52% of the children in Study L2 achieved 100%. In addition, 
Phonological Discrimination showed a remarkable in1provement with age, with 40% of 
the 4 to 5 year olds demonstrating a ceiling effect compared with 71% of the older 
cohm1 of 6 year olds. 
However, one of the factors to have emerged from these two longitudinal studies is that 
the phonological measures chosen do not seem to be pat1icularly effective in their 
predictive validity. It is likely that as Stanovich and his colleagues (1984) suggested the 
use of rhyme-based measures with young children, even as young as those in Study L 1, 
may diminish their predictive ability because so many of the children hit ceiling on the 
task. This does not necessarily n1ean that rhyme-based measures need to be eliminated 
from a screening test aimed for use with pre-readers and beginning readers. Rather the 
evidence fi.·om one of the cross-sectional studies outlined in Section 3 of this thesis, 
Study C1, provides suppot1 for rhyme production tasks differentiating nmmal readers 
fi.·om those ciassified as dyslexic across a wide age range although admittedly not as 
young as those participants in the two longitudinal studies outlined above). The 
Phonological Abilities Test (Muter et al., 1996) and the Phonological Assessment 
Battery (Frederickson et al., 1997) provide notmative data on rhyme production fi.·om the 
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age of 5 and 6 respectively providing the potential to enhance any test procedure's 
ability to differentiate leatners. 
In addition it may be necessary, and indeed beneficial, to investigate including slightly 
more complex phonological task to a screening battery. One possibility is phoneme 
deletion, which has been shown to be predictive of later reading ability (see Muter & 
Snow ling, 1998). A longitudinal study by Muter, Hulme, Snow ling and Taylor (1997) 
demonstrated support for the claim that phonological awareness is not a single factor as 
claimed by some researchers (e.g. Stanovich et al., 1984; Wagner & Torgesen, 1987) but 
rather there are two factors which underlie perfotmance on these tasks as suggested by 
Lundberg, Frost and Petersen (1988) and Yopp (1988). Muter et al. 's (1998) results 
showed 'the clear dissociation of rhyme and phonemic awareness, evident at ages 4, 5, 
and 6' which 'endures through to age 9' (p. 333). This growing evidence that 
phonological awareness is not a single factor has implications for future longitudinal 
studies insomuch that careful selection of tests that load onto each of these factors needs 
to be made if the aim is to identify both concurrent and longitudinal predictors of reading 
and spelling. Including both the task of rhyme production and phoneme deletion in an 
early screening test would appear to be advantageous and reliable in identifying children 
at risk. Utilising these measures to establish their ability to predict concurrent and 
longitudinal measures of attainment would be a proactive and positive way fmward for 
future research. It ought to help with the earlier identification, and hence intervention, of 
children who might snuggle to acquire the necessary skills to make educational progress 
comparative to their peers. 
Whilst it is clear from the longitudinal studies that the some of the sub-tests do have 
predictive validity there are reasons why this may not be so for all the dyslexia-related 
measures chosen by Nicolson and Fawcett (1996). They state that although the sub-tests 
are suitable for the whole age range 'this worked better for some tests than others, and 
the tests of attainment in particular lose some diagnostic power for the older children' 
(most 6 year olds should know all their letters and digits)' (p. 9, Manual). In which case 
an alternative to the letter naming task would be to include the whole alphabet using all 
four combinations, sounds and letters of both lower and upper case letters, without 
adding substantially to the time taken to administer the DEST. There is evidence to 
support such an altetnative both fi·om previous research (e.g. Muter & Snow ling, 1998) 
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and the findings of Study L 1, with such changes potentially improving the diagnostic 
ability of this attainment task. 
Extending the scope of some of the sub-tests might increase their predictive ability. 
Altetnatively the lack of predictive ability of some of the sub-tests might be explained by 
the reference the designers make to issues of reliability and validity of the DEST, as 
mentioned in the manual. Whilst test-retest reliability was undertaken it was only 
administered to 26 children within the age range 5:5 to 6:5. Reviewing the issue of 
validity neither concun-ent nor constluct validity were established with the reason given 
as 'one of the main motivations for developing the DESTwas the absence of such a 
test!' (p. 13, Manual). Improving the diagnostic tests of phonological awareness by the 
addition of more complex tasks, as mentioned, would retain the ptimary function of the 
DEST as a reasonably quick initial screening test. 
The two studies con1bined suggest that measures of Sound Order, Rapid Natning and 
Digit Span predict the future literacy skills of pre-literate and beginning-literate children. 
The underlying abilities or processes needed to complete successfully these measures, 
therefore, may be vital for the skilled acquisition of literacy. Sound Order is primatily a 
measure of the perception of word-like sounds and the ability to decipher these sounds. 
Rapid Naming is a measure of the ability to accurately access a known phonological 
form. Digit Span relies on working memory processes that store (and potentially 
process) phonological units over a short petiod of time. Therefore, overall these findings 
seem consistent with previous research in suggesting that measures of the ability to 
process sounds are potentially impot1ant predictors of future literacy skills. The 
findings, however, go further than previous work in presenting the potential importance 
of speed of processing in literacy. The first two measures (Sound Order and Rapid 
Naming) showed evidence of a reliable relationship with future literacy skills, more so 
than the measures of phonological awareness used in the study. The common element 
between these tasks is the necessity to process infotmation rapidly. These findings, 
therefore, indicate that the deficits in speed of processing may lead to poor levels of 
literacy acquisition amongst the children assessed and may be an area where fut1her 
ｲｾｳ･｡ｲ｣ｨ＠ should attempt to identify and remediate deficits. Support for the inclusion of 
rapid naming tasks is further sn·engthened by the findings in the second cross-sectional 
study, Study C2, in Section 3 although as noted there selection of stimuli needs careful 
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thought. An additional rapid naming task, an alphanumeric one, n1ight strengthen the 
ability of such measures to offer both concurrent and predictive validity. 
The findings from the longitudinal and cross-sectional studies have implications for 
future research seeking to establish concun·ent and longitudinal predictors of literacy 
achievement. There is evidence from Study Ll that letter naming knowledge, of all the 
alphabetic letters, provides more information than limiting the number used to just 7 
letters of the alphabet as well as allowing sound or letter name to be offered as a 
response. There is now well-documented supp01i from other researchers that this 
measure when used with pre-school children provides the strongest predictor of later 
literacy ability (e.g. Gallagher et al., 2000). The inclusion of slightly more complex tests 
of phonological awareness as mentioned above ought to enhance a test's predictive 
ability without lengthening the screening procedure unnecessarily. The emergence of 
Sound Order as a predictor is a new finding in the literature and therefore leads to the 
potential for its inclusion in futiher longitudinal and cross-sectional studies. This may 
lead to more evidence for the validity of its concuiTent and longitudinal prediction of 
future literacy skills as well as establishing the existence of any coiTelation between such 
a task and other measures. 
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Section 3 
3 Cross Sectional Studies 
3 .1 Introduction to cross-sectional studies 
The research repotied in this thesis focuses on phonological skills and speed of 
processing skills, and how these may affect literacy achievement. In the previous 
section, this was accomplished by two longitudinal studies investigating the 
development of literacy across the early years and the level of prediction provided by 
measures of phonological awareness and rapid naming. Evidence from the longitudinal 
studies in Section 2 provided some confirmation of the importance of such measures 
(particularly rapid naming) in providing predictors of later literacy skills. However, time 
limitations mean that only a small time period in development can be studied during 
these longitudinal studies. Yet, evidence from research suggests that difficulties in 
phonological processing can be found from childhood through to adulthood in those 
individuals who have been classified as dyslexic early on in their lives (see Btuck, 1990, 
1992). These same adults, classified as having dyslexia in childhood, generally continue 
to display significant difficulties with reading and spelling (Btuck, 1990, 1992,1998), 
which suggests that these phonological processes may play a ctucial role in successful 
acquisition of literacy skills and may provide predictors of literacy deficits that occur 
across a wider age range than that studied in Section 2. Therefore, in order to investigate 
the relationship between these skills and literacy acquisition across a wider age than that 
which can be accomplished using the longitudinal design, the present section repmis two 
cross-sectional studies that contrast the perfotmance of children with known literacy 
acquisition problen1s (i.e. children assessed as dyslexic) and those without obvious 
literacy problems (children who have perfotmed in school subjects at notmal age 
appropriate levels). The first study focuses on phonological skills, seeking evidence for 
age-related changes across the educational years in the performance of dyslexics and 
controls on measures of rhyme and alliteration fluency. The second study used several 
rapid naming tasks to study the ability of dyslexics and controls to access rapidly a 
known phonological unit. To allow comparison across the two studies, similar designs 
were implemented in both studies. Although different participants were tested, both 
studies assessed children aged between approximately 9 years of age to 17 years of age. 
122 
3.2 Study C1 
3.2.1 Introduction 
The importance of rhyme awareness and its relationship to later reading ability was first 
highlighted in studies by Bradley and Bryant (1978, 1983). In their 1983 study Bradley 
and Bryant demonstrated the importance of rhyme awareness as a significant predictor of 
later reading achievement. A number of researchers have used rhyme to assess the 
relationship between phonological awareness, as measured by this task of saying 
whether two words rhyme or 'sound the same', and reading ability (e.g. Bradley & 
Bryant, 1978, 1983; Hatcher, Hulme & Ellis, 1994). It appears to be one of the earliest 
phonological skills to emerge, which possibly explains its appearance in many tests 
trying to predict future reading ability. Blachman (1984) offers evidence that knowledge 
of nursery rhymes at age 3 is related to a child's ability to detect rhyme more than a year 
later, even after differences in IQ and social background have been controlled. Other 
researchers, controlling for IQ, social class and memory, report support for the 
relationship between early rhyming ability and later reading achievement (Bradley & 
Bryant, 1985; Maclean, Bryant & Bradley, 1987). The age of these very young children 
in the studies cited suggests that rhyme awareness might be an indication of the 
beginnings of sensitivity to the phonological structure of words at a global level. 
Maclean et al. (1987) suggest that one reason for this aspect of phonological awareness 
being present in children as young as 3 years 3 n1onths might be the result of their 
naturalistic expe1ience of nursery rhymes within the home. This ability to detect rhyme 
at the pre-reading stage is also something that has been replicated in a study of Danish 
children by Lundberg, Frost and Petersen (1988); although these children were older 
they had not received fo1mal instluction in reading. 
In their longitudinal study, Maclean et al. (1987) investigated pre-schoolers' ability not 
only to detect rhyme and alliteration but also their ability to produce rhyming and 
alliterative words. They discovered a strong and highly specific relationship between the 
children's knowledge of nursery rhymes and their production ability on these two tasks. 
In addition there was evidence for a link between the production of rhyme and 
alliteration and reading son1e 15 months later.\ A further finding, which lends support to 
a possible developmental progression in phonological skills in these two areas, with 
recognition of rhyme and alliteration easier than production, is that some of the children 
could produce words that rhymed, as well as producing alliterative words, whilst others 
123 
. . --- - .. ------------ ---- -------------- ------- - -1 
could not. Thirty eight children out of 65 could not produce rhyming words, with a 
slightly higher figure for those children who failed to produce alliterative words, 42 out 
of 65. Furthermore, most of the children were unable to segment words. Later tests, 
which support the premise that skills improve with age, showed that after the children 
had reached the age of 4 they demonstrated a better ability to perform in the rhyme and 
alliteration tasks (Maclean et al., 1987). The key factor in this study was that knowledge 
of nursery rhymes, and the detection and production of rhyme and allitet:ation, was 
specifically related to early reading skills and not early arithmetic skills, something that 
had also been established in Bradley and Bryant's study (Bradley & Bryant, 1983). For 
this reason it may prove a valuable tool in assessing children who may be 'at risk' for 
reading failure at a very early age before formal reading skills have been taught and 
developed, as well as being an identifying factor with older children with a phonological 
deficit known to be one of the causes of reading difficulties. Nicolson and Fawcett 
(1994) used Bradley and Bryant's rationale for the use of such a measure in their 
screening test, the Dyslexia Early Screening Test, one of the main assessment tools used 
in the longitudinal studies in Section 2. 
The idea that phonological skills progress with age and experience was first proposed by 
Liberman, Shankweiler, Fischer and Carter (1974). In their studies they demonstrated a 
progression in children's ability in phonological awareness tasks, with the success on 
tasks such as tapping out the number of phonemes in words too difficult for children 
younger than 5. Success on increasingly complex phonological tasks improved with age. 
It seems plausible to argue that detection is easier than production, and production might 
be easier than fluency under timed constraints. Bunn (1995) makes the distinction 
between production and fluency; both require the generation of responses but 'fluency 
suggests speed, ease and extensiveness of response' (p.46). However, the relationship 
between rhyming skills and age is not altogether clear-cut. Morais, Bertelson, Cary and 
Alegria (1986) ·assessed perfotmance of illiterate adults on a rhyme task and found that 
some individuals performed well and others did not. If this is an implicit skill, as 
suggested, it would be expected that most adults, literate or illiterate, would perform well 
otherwise the argument might well be put that rhyming skills are as much an artefact of 
leatning to read as they are a predictor of later skills. However, maybe one of the 
confounding factors in comparing the differential ability of rhyn1e in predicting future 
literacy achievement in many of the studies is that the same rhyme task is not used in all 
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studies. For example, the rhyme measure in the DEST is one of global analysis in 
deciding whether two spoken words rhyme, whereas in Bradley and Bryant's (1983) 
rhyme task this requires the individual to listen to four words and analyse which is the 
odd-one-out (e.g. sun, sock, see, rag). 
One of the problems associated with using rhyming tasks beyond the very young 
preschoolers is that a ceiling effect is often found. In a study of 49 kindergarteners 
(mean age 6 years 2 months) many reached a ceiling on three ofthe rhyming tasks given 
(Stanovich, Cunningham & Cramer, 1984). These findings suggest that at this age it is 
not a particularly sensitive measure of phonological awareness. Much the same evidence 
is presented in the longitudinal studies in Section 2. There were two separate cohorts of 
children tested on rhyming ability, the ability to say whether two spoken words sounded 
the same or rhymed. In study Ll, classified as pre-readers (mean age 4.87), 22% of the 
participants perfotmed at ceiling level, whilst in study L2 (mean age 5.84) 52% of the 
participants were at ceiling on the task, suggesting that this is a relatively easy 
phonological task for young children. It seems plausible to suggest that if preschool 
children without reading experience can detetmine whether two words rhyme then this 
awareness is not related to reading experience, which could account for the ceiling effect 
in so many studies with young children. 
Further research by Bryant, Maclean, Bradley and Crossland (1990) investigated rhyme, 
alliteration and phoneme detection as contributors to learning to read. Their longitudinal 
study evaluated these phonological awareness skills together with reading and spelling 
ability over a two-year period. The important link between rhyming words for both 
reading and spelling appears to be the need for the leatner to recognise that not only do 
these words share a common sound component but they very often also share the same 
spelling pattetn. At the very least it might be argued based on research evidence to date 
that there is an interactive or reciprocal role for these skills and learning to read which is 
why they continue to be used in the assessments of the phonological skills of individuals 
at risk of reading difficulties (Libetman, Shankweiler, Fischer & Carter, 1974). 
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The importance of rhyme and alliteration as the emergent skills of pre- and early readers 
seems well supported. Liberman and Shankweiler noted that whether it is children or 
adults 'success as learners ... is related to the degree to which they are aware of the 
underlying phonological sttucture of words' (1985, p.8). Of particular interest to the 
research presented in Study C 1 outlined in this section is whether difficulties persist 
across a broad age range, and whether there might be evidence in lower scores on rhyme 
and alliteration tasks to indicate the persistent difficulties dyslexic participants might 
have with relatively simple phonological awareness tasks. Previous studies suggest that 
dyslexic individuals will continue to demonstt·ate problems with reading and spelling 
across the lifespan (Bruck, 1990, 1992, 1998). 
It has already been demonstrated that dyslexics have difficulties with word rett·ieval, as 
measured on rapid automatised naming tasks (Denckla & Rudel, 1976), and that this 
type of task differentiates dyslexics from notmal readers (Wolf, 1991). Wagner and 
Torgesen (1987) suggest that for dyslexics the difficulties created by these tasks stem 
from the requirements to give the stin1uli a verbal label, thus engaging in a phonological 
process, before being able to respond. Frith, Landed and Frith (1995) conducted an 
experiment with dyslexics and controls to investigate verbal fluency in 12 year olds 
matched on age and IQ, in generating words from semantic cues (saying words with a 
particular meaning) and generating words from phonemic cues (saying words with a 
particular phoneme). According to the phonological deficit hypothesis one of the 
characteristics of dyslexia is the difficulty that dyslexic individuals have in being able to 
use a phonological process for retrieving words that are phonologically coded in the 
mental lexicon. Therefore, Frith et al. (1995) predicted that dyslexics would be slower 
to generate 10 words from phonemic cues because this required accessing infmmation 
using a phonological code, as opposed to generating words using a semantic code. In 
addition they predicted that there would be no differences between the groups in 
generating words in the semantic category. This is in fact what they found. 
Further evidence to suggest that accessing information using a phonological code 
persists into adulthood comes from a study by Snow ling, Nation, Moxham, Gallagher 
and Frith (1997). Although they investigated a range of skills with dyslexic and non-
dyslexic university students, of particular interest were the tasks of rhyme production 
and phonemic fluency that they used. On each task the students were given 30 seconds 
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to generate words to rhyme with a spoken target and 30 seconds to generate as many 
words starting with the given phoneme. Snowling et al. (1997) found that the dyslexics 
and controls perf01med at a similar level on the rhyme production task, not differing on 
either speed or accuracy. However, in contrast to the 12 year olds in Frith et al. 's (1995) 
study the adult dyslexic students in Snowling et al. 's (1997).study generated fewer 
words from semantic and phonemic cues than the matched controls. Both of these 
studies offer some support for the differential ability of dyslexic individuals when 
compared with controls without any difficulties. Other researchers have added weight to 
the findings that there is a differential ability evident in adults when dyslexics and 
controls are compared on these skills (Bruck, 1992; Pennington, Van Orden, Smith, 
Green & Haith, 1990). 
In order to investigate the verbal fluency ability of a wider age range than that presented 
above Study C 1 was conducted. The ages of the participants ranged from 7 years 8 
months to 16 years 5 months, and were split into 4 groups, each group matched on age 
and gender. Two verbal fluency tasks, rhyme fluency and alliteration fluency, taken 
fron1 the Phonological Assessment Battery (PhAB; Frederickson, Frith & Reason, 1997), 
were selected to compare and contrast the skills of dyslexics with controls. Bunn ( 1995), 
the designer of the fluency tests, makes an important distinction between recognition, 
production and fluency suggesting that these might be regarded as a staged approach to 
assessing the development of rhyme and alliteration skills in much the same way as 
implicit and explicit phonological awareness play very different roles in leatning to read 
and spell. At the simplest level, the recognition stage, he suggests that the individual has 
to make a decision based on whether there is a 't' in 'top'. At the next stage, the 
production stage, the individual has to give a word that begins with 't'. Finally, at the 
fluency stage, what is required of the individual is an ability to produce as many words 
as possible that begin with this It/ sound. He suggests that the same patte1n of 
progression is applicable to the rhyme fluency task. The ceiling effect noted in several 
studies using rhyme and alliteration recognition tasks necessitates a different fom1at for 
older participants if they are to be of value in differentiating dyslexic and control 
participants. The important point that Bunn makes is that he contrasts the fluency tasks 
with naming speed by suggesting that although it is a production task, it is 'more open-
ended (or less automatised)' than rapid naming (Bunn, 1995, p.46). The importance of 
the fluency tests is that the individual is not restricted to a number of test items and 
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therefore a predetetmined maximum score, but rather constrained by the number of 
responses that can be recalled within a set time frame. Bunn states that the two tasks 
differ in the number of possible responses, the most limiting being rhyme fluency. Bunn 
(1995) followed the same procedural guidelines for administration of the rhyme and 
alliteration fluency tests of the Phonological Assessment Battery as those used in the 
administration of the verbal fluency test of the British Ability Scales (BAS; Elliott, 
Murray and Pearson, 1978). Normative data from the BAS indicates a rapid increase 
with age in verbal fluency. 
The choice of the verbal fluency tests used in this study was based on the fact that it was 
hoped that they would provide a n1ore stringent test of rhyme and alliteration ability 
compared with the typical rhyme recognition or 'odd-one-out' task, or the usual 
alliteration task requiring an individual to say which two out of three spoken words start 
with the same sound. The aim of the study was to investigate the verbal fluency of 
dyslexic participants compared with controls. It was hypothesised that the dyslexics 
would produce fewer rhyming and alliterative words than the controls. The aim of 
Study C 1 was to investigate age-related changes in performance on the tasks of rhyme 
fluency and alliteration fluency. It was hypothesised that as the age of the patticipants 
increased their ability to produce more words would also improve. However, in addition 
to the age-related changes that might en1erge to suggest a developmental progression in 
these skills, evidence was also sought for differences between dyslexic and control 
participants in tetms of age-related improvements in word production (i.e. an interaction 
between these two factors). In particular, evidence was sought to indicate whether such 
verbal fluency measures could be used to differentiate dyslexics from non-dyslexic class 
peers across the compulsory education years. 
3.2.2 Method 
3 .2.2.1 Participants 
One hundred and fourteen patticipants, 90 males and 24 females, ranging in age from 7 
years 8 months to 16 years 5 months participated in the study. The mean age of the 
patticipants was approximately 12 years 2 n1onths (SD = 2. 70). Half of the participants 
were dyslexics and half non-dyslexics. The participants were drawn from two 
independent schools and two local education authority schools in the South East of 
England. All schools had the provision of a special needs unit to accomtnodate dyslexic 
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pupils but also taught non-dyslexic children ensuring that dyslexic and non-dyslexic 
participants could be drawn from the same school environment. 
Dyslexics were selected with the support of special need teachers. All had been 
identified as dyslexic by an educational psychologists using the typical assessment 
procedures outlined in the general introduction (see Section 1, 1.3.4). Dyslexic children 
with major emotional/behavioural problems were not selected due to potential problems 
that the testing procedure may cause. Non-dyslexics were chosen in a pseudo-random 
fashion from the general school population. None had a record of special needs or 
literacy difficulties. Selection procedures meant that for each dyslexic, a non-dyslexic 
from the same school, of the same sex and in the same school year was chosen. If more 
than one non-dyslexic was appropriate for selection, they were chosen at random. Only 
those children for whom parental approval was given were included in the study. 
In order to assess age-related improvements in rhyme fluency and alliteration fluency, 
the groups represented four separate educationaJ and developmental age groups: 7 to 9 
year olds (mean age 8.44; SD =.52); 10 to 11 year olds (mean age 10.75; SD = .27); 12 
to 14 year olds (mean age= 13.47; SD = 0.8); and 15 to16 year olds (mean age= 16.07, 
SD = .19). Table 3.1 presents a breakdown ofthe ages ofthese children based on 
dyslexic versus control group membership as well as the number of male and female 
participants in each group. 
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Table 3.1 Study C 1. Summary of age ranges, mean ages, with standard deviations in 
parenthesis, number of male (m) and female (f) participants, for the dyslexics and non-
dyslexics in each age group. 
Group 1 Group 2 Group3 Group 4 
(7-9 years) (10-11years) (12-14 years) (15-16 years) 
n=26 n=28 n=40 n=20 
Age range: Age range: Age range: Age range: 
7.67-9.33 10-11.17 12.42-14.83 15.75-16.42 
(Mean: 8.44; (Mean: 10.75; (Mean: 13.47; (Mean: 16.07; 
SD=.52) SD=.27) SD = .80) SD = .19) 
Dyslexics Controls Dyslexics Controls Dyslexics Controls Dyslexics Controls 
n= 13 n= 13 n= 14 n= 14 n=20 n=20 n= 10 11 = 10 
10 (m) 10 (m) 11 (m) 11 (m) 17 (m) 17 (m) 7 (m) 7 (m) 
3 (f) 3 (f) 3(f) 3 (f) 3(f) 3(f) 3 (f) 3 (f) 
8.32 8.55 10.74 10.76 13.49 13.46 16.03 16.11 
(0.57) (0.45) (025) (0.31) (0.81) (0.82) (0.15) (0.23) 
3.2.2.2 Matetials and Procedures 
The tests selected for this study were taken from the Phonological Assessment Battery 
(PhAB; Frederickson, Frith & Reason, 1997). Two tests of verbal :fluency were selected 
and administered to individual participants in a single session, which lasted 
approximately 10 minutes. Both the alliteration and rhyme tests allowed for a practice 
item before the two separate test items in each were administered. The test items were 
timed using a stopwatch with the number of conect responses used in the analysis of 
skills. 
The advice given in the manual is that the full 30 seconds should be allowed for each 
item. However, it also allows for discontinuation if the participant states that they have 
finished or cannot think of any further responses after encouragement has been given. 
Responses for each item were recorded to enable careful analysis of words given. Each 
new colTect response scores 1. However, a score of 0 is given if there are repetitions or 
inconect responses (for example non-words). In accordance with the inshuctions 
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outlined in the manual each word is counted only once even if the participant gives 
different meanings for the same word, for example in the rhyme fluency test the 
participant may offer the word to rhyme with 'whip' as 'chip', you eat; 'chip', off a 
block of wood; 'chip' like in a casino. 
3 .2.2.2.1 Alliteration Fluency Task 
This task was designed to assess the rettieval of phonological information from long-
term memory at the initial phoneme stage. It assesses the number of words that the 
pat1icipant can rettieve that begin with the same sound within a time limit of 30 seconds 
per task. Letter sounds were used throughout, as detailed in the manual, with simple 
instructions asking the pat1icipant to give as many words as possible beginning with the 
given sound. In the practice item of the alliteration test the pat1icipant was told that the 
task was to do with words that start with the same sound; this was timed to familiarise 
the participant with the test. They were asked to tell the experimenter as many words 
that start with /k/, stat1ing on the prompt of 'Now'. Part 1 of the alliteration fluency test 
asks the participant to give as n1any words that start with the sound lb/ in 30 seconds, 
and for pat1 2 as many words beginning with the sound /m/ in 30 seconds. Raw scores 
were calculated for each pat1 of the alliteration fluency task and added together to get an 
overall score of conect responses in 60 seconds. Words that started with same sound, 
but not the same letter, were scored as conect; for example for a word beginning with lk/ 
'Cluistmas' scores 1, but 'knee' scores 0 (p.31 manual). 
3 .2.2.2.2 Rhyme Fluency Task 
This was the second task that was designed to assess rettieval of phonological 
information from long-tetm memory. The ｰｲ｡｣ｴｩ｣ｾ＠ item fan1ilia1ises the patticipant with 
the test procedure. The task is explained in tetms of producing words that 'sound the 
same at the end' and an example is given: "Jack and Jill went up the ... ". There follows 
a request for the participant to produce as many words as they can that rhyme with the 
word 'bat'. Timing begins at the prompt of 'Now'. Encouragement and prompting with 
examples is allowed. In the event of inconect responses, a btief explanation of why they 
are inconect is given. The test items for the rhyme fluency test follow. In part 1 the 
participant is asked to say as many words as possible that rhyme with 'more' as quickly 
as possible, staliing on the prompt of 'Now'. 30 seconds is allowed for the responses to 
be given. Pat1 2 asks the pat1icipant to say as many words as possible that rhyme with 
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the word 'whip' in 30 seconds. Each patt of the task is timed using a stopwatch. Non-
words are not allowed, scoring 0. The results fi:mn both palts of the rhyme fluency task 
are added together to give a total score, which was then used in the analyses. 
3 .2.3 Results 
The mean and standard deviations for each of the fluency tasks, rhyme and alliteration, 
completed by the eight groups and the results of independent samples 
t-tests comparing dyslexics with control on each variable at all the age levels are 
presented in Table 3 .2. 
Table 3.2 Study C 1. Summary of mean scores, standard deviations in parenthesis, for 
each group on the Alliteration and Rhyme Fluency tasks. 
TASK Group 1 Group 2 Group3 Group4 
(7-9 years) (10-11 years) (12-14 years) (15-16 years) 
n=26 n=28 n=40 n=20 
Dyslexic Control Dyslexic Control Dyslexic Control Dyslexic Control 
n=13 u=13 n=14 n=14 n=20 n = 20 n=10 n=10 
5.0 8.0 6.64 9.07 8.90 9.35 8.60 10.30 
(1 .35) (1.58) (1.34) (1.39) (1.41) (1.53) (1.27) (1.64) 
Alliteration 
(t(24) = -5.20, p<.OOl) (t(26) = -4.72, p<.001) (t(38) = -.967,p>.34 ns) (t(I 8) = -2.60, p<.OS) 
Dyslexic Control Dyslexic Control Dyslexic Control Dyslexic Control 
n=13 n= 13 n=14c u=14 n=20 u=20 n=lO n=10 
13.15 15.77 14.57 16.71 17.15 17.80 18.10 20.10 
Rhyme (1.57) (1.30) (2.07) (1.54) (3.17) (2.19) (3.18) (3.51) 
(t(24) = -4.62, p<.OOI) (t(26) = -3.11, p<.Ol) (t(38) = -.76, p>.46 ns) (t(l8) = -1.34,p>.20 ns) 
The results were initially analysed using two-way analyses of variance, one for each 
measure. In each analysis, dyslexic versus control group membership acted as one factor 
and age-group membership acted as the second. 
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The analysis of variance for the alliteration fluency task indicated a significant main 
effect of group, with the dyslexic participants generating fewer alliterative words than 
the controls (F(l, 1 06) = 46.17, p<.05). There was also a significant main effect of age 
(F(3,106) = 22.91, p<.OS), as well as a significant interaction between group and age 
(F(3,106) = 4.84, p<.OS). 
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Figure 3.1 graphically represents this interaction effect on the alliteration fluency task 
Independent samples t-tests were conducted to investigate significant differences 
between dyslexic and control participants for each age cohorts tested. It can be seen 
from Table 3.2 that there were significant differences in performance between the 
dyslexic and control participants for age groups 1, 2 and 4. However, in the 12 to 14 
years age group, there was a non-significant difference in performance between the 
dyslexics and controls. 
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The analysis of variance for the rhyme fluency task indicated a significant main effect of 
group, with the dyslexic pal1icipants giving fewer responses overall than the controls 
(F(1,106) = 15.73, p<.05). There was also a significant main effect of age (F(3,106) = 
17.11, p<.05), demonstrating an increase in the number of words generated across the 7 
to 16 year old age range. However, the analysis revealed a non-significant interaction 
between group and age (F(3,106) = 1.04, p=.38). 
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Figure 3 .2 graphically represents this interaction effect on the rhyme fluency task 
Independent samples t-tests were unde1taken to evaluate the differences between 
dyslexic and control palticipants for each age grouping. These analyses demonstrated 
significant differences in the performance of the dyslexics compared to the controls for 
age groups 1 and 2, the 7 to 9 year olds and the 10 to 11 year olds. However, for age 
groups 3 and 4, the analyses were non-significant (see Table 3.2). 
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3.2.4 Discussion 
The main aim of the study was to assess whether the performance of dyslexics would 
differ fron1 non-dyslexic class peers on phonological processing tasks such as rhyme and 
alliteration fluency across the compulsory education years. The results for both tasks 
(alliteration and rhyme) indicated differences between dyslexics and non-dyslexics (with 
the former performing the worse of the two) as well as evidence for improvements in 
performance with age for both dyslexics and non-dyslexics (older age groups typically 
producing more words than younger age groups). However, these conclusions need to 
be treated with caution given the evidence for an interaction effect in the alliteration task 
(suggesting different age-related improvements for dyslexics and controls) and the lack 
of significant differences between dyslexics and controls in rhyme production when the 
analyses focused specifically on the two older age groups. These differential effects will 
be discussed with reference to previous findings in studies using similar tasks to those 
used in this study. 
The finding that dyslexics produce significantly fewer alliterative words than matched 
controls compares favourably with the research literature. For example, Frith, Lander! 
and Frith (1995) investigated the skills of 12 year-old dyslexic children and controls to 
generate alliterative words and they found that the groups differed significantly on 
phonemic fluency. Similarly, Snow ling, Nation, Moxham, Gallagher and Frith ( 1997) 
used the alliteration fluency task, which they classified as phonemic fluency, with 
university students: 14 dyslexic students (mean age of22.5 years) and 19 non-dyslexic 
students (mean age 22.7years). Their dyslexic adult students generated fewer words on 
the phonemic fluency task than the non-dyslexics. In comparison, Crawford, Moore and 
Cameron (1992) worked with adults in a clinical setting and found a significant 
cotTelation between alliteration and reading. Overall, these findings confirm a 
relationship between alliteration fluency and literacy achievement. 
However, follow-up analyses, looking for significant differences between dyslexics and 
controls at each of the four age groups, were less consistent. Significant differences in 
performance were identified in three out of the four age groups for generating alliterative 
words. However, in the group of 12 to14 years old, the alliteration fluency task did not 
reflect a significant difference in the number of responses that the dyslexic participants 
produced compared with the control participants. Closer inspection of participant 
infotmation shows that this age group spans a greater range than any of the other groups, 
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that is two and a half years in comparison to approximately one and a half years for the 
other groups. In fact it can be seen from the data analysis that the 15 to 16 year old 
dyslexic group produced fewer responses when compared with the 12 to 14 year old 
dyslexics. Although there were no significant differences the dyslexic subjects continue 
to be weaker than controls. These differences may be attributable to other factors such 
as motivation or alte1natively such results might be indicative of a difference in verbal 
ability, a factor known to influence verbal fluency. This seems plausible once a 
comparison is made between this 12 to 14 year old age of dyslexics and the older 15 to 
16 year old dyslexic who produced a lower average and a smaller deviation for this 
alliteration task. 
It has already been noted by Bunn (1995) that although the verbal fluency tests are only 
restricted by the number of responses an individual can generate within a given time, the 
rhyme fluency test is probably the one with the least possible number of responses. The 
picture that emerged from the initial analysis indicated that the number of rhyming 
words given by the dyslexics was significantly fewer than the number offered by the 
control participants. Follow-up analyses indicated a significant difference between the 
performance of dyslexics and controls in the two younger age groups only (see Table 
3.2). This difference is markedly reduced and non-significant for the two older age 
groups; although the lack of an interaction effect and the number of follow-up analyses 
performed mean that conclusions should be tentative (see discussions in Kinnear & 
Gray, 1999). Alternatively the results may be attributable to a ceiling effect, particularly 
for the older control group, depressing the differential between controls and dyslexics, 
with the latter having the opportunity to show improved verbal fluency with age. 
There is some support in the literature to show that on a rhyme fluency task older -
dyslexics (i.e. university students) perfom1 similarly to normal controls (Snow ling et al., 
1997). They attributed the similarity in responses when compa1ing dyslexics against 
controls on the rhyme task as an indication that segmentation at the onset-rin1e is a 
relatively easier task than phonemic fluency one and therefore did not pose a particular 
problem for either group. Indeed, the n01mative data of the Btitish Ability Scales (BAS; 
Elliott, Munay & Pearson, 1978) is consistent with verbal fluency increasing with age 
and evidence from research suggests segmentation at the onset-rime level precedes 
phoneme segmentation and is seen as a relatively easier task (Goswami & Bryant, 1990; 
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Treiman, 1983), which might also explain the differences in output between alliteration 
and rhyme fluency tasks. It may be that by the time the dyslexic participants reach 12 
years of age they are able to generate almost as many rhyming words as the control 
participants, they have developed to full rhyme fluency. Similarly, in Table 3.2 it can be 
seen that the number of responses on rhyme words far exceeded the number of responses 
on alliterative words suggesting some suppmt for the premise that onset-rime level 
processing precedes phoneme segmentation. Alternatively, the results n1ay not be due to 
the development of verbal fluency but rather reflect task limitations. At the older age 
ranges, as can be seen from Table 3 .2, there was very little increase in the number of 
responses generated, consistent with a ceiling effect. 
h1 conclusion there would seem to be value in using both the alliteration fluency task and 
the rhyme fluency task across the two younger age ranges. However, the results 
obtained fi·om the two older groups suggests further investigation of the alliteration 
fluency task may yield more information about the differential ability of such a test to 
identify older participants at risk for reading failure. The rhyme fluency test results add 
extra weight to the findings from the Snowling et al. (1997) study that this type of task 
may not differentiate dyslexics from non-dyslexics, possibly because it is an easier task 
in developmental terms or because ceiling effects are more likely with rhyme based 
tasks. Further research on the two aspects of verbal fluency would be useful possibly 
altering the way the data is collected, using time and error count as part of the analyses. 
In addition an extension of the work outlined in Study C1 might include the age group 
16 years to 21 years in an attempt to establish the usefulness of such tasks in identifying 
those at risk. Future follow-up studies might also ensure closer matching of verbal ability 
as well as narrower age bands to discover if these factors alter the results significantly. It 
might also be fruitful to investigate more complex phonological tasks such as 
spoonerisms instead of rhyn1e fluency, of altetnatively incorporating speech rate and 
working memory levels. 
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3.3 StudyC2 
3.3.1 Introduction 
Study C1 of this section investigated the skills of rhyme and alliteration fluency amongst 
children assessed as dyslexic in compatison to matched non-dyslexics across a wide age 
range covering most of the compulsory school age years. In this second study, a similar 
design was implemented to investigate the rapid processing skills of classified dyslexics 
and matched controls across a similar age range. The study again sought to investigate 
evidence for age-related changes in rapid naming ability, whilst evaluating any 
differential ability that this measure might provide to suggest that the dyslexics' 
performance differ from control participants. As in the first study, a number of measures 
were used. These tested the ability to rapidly name familiar animals, colours and digits 
across an age span that included pdmary and secondary school years. In contrast to 
Study C1, the initial age range tested in Study C2 started at age 9, although the final age 
range again went up to 16. The higher starting point for the age range was simply a 
reflection of the small number of children with an assessment of dyslexia who were 
below 9 years of age in the schools where testing occun-ed. Given the consistency of 
findings across the younger age ranges in the previous study and the findings for the 
predictive ability of the rapid naming task in the longitudinal studies, starting with 9 year 
olds as the bottom end of the age range tested seems more appropdate than testing 
children from an alternative school or including only a small number of7/8 year olds. 
Where no evident neurological, cognitive or behavioural difficulty exists to hamper an 
individual's performance on a processing task, the developmental changes that take 
place during childhood ensure that they develop the ability to process infotmation more 
rapidly with age. Processing speed, as measured by the rapid naming tasks, has been 
shown to be highly correlated with later reading ability, especially at the single word 
level (e.g. Spring & Davis, 1988; Wolf, Bally & Manis, 1986). The work initiated by 
Geschwind (1965), and elaborated upon by Denckla and Rudel (1974, 1976), has 
demonstrated the robustness of measures of rapid automatised naming in predicting 
future reading ability and continues to be of value to researchers today. Research has 
shown that in relation to age the younger the child the slower he or she is when 
processing information, with 4 year olds processing information three times more slowly 
than adults, and 8 years olds taking twice as long to process the same information as 
adults (Kail, 1991; Kail & Hall, 1994). Therefore, the pattetn that would be expected to 
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emerge :fi.·om normal readers, or non-dyslexics, is that as age increases the ability to 
name stimuli more rapidly should improve. In a study which used participants divided 
into three age groups, 8 year-olds, 12 year-olds and 16 year-olds, Nicolson and Fawcett 
(1995) found that younger controls performed all the rapid naming tasks slower than 
older controls, and dyslexic perfotmed worse than non-dyslexics. Tasks included the 
stimuli of digits, colours, objects and lower case single letters. However, of interest is 
that these data show the gap between dyslexics' ability to name rapidly and that of the 
controls decreased with age. 
One of the most difficult tasks facing educators of children, adolescents and adults is 
identifying skills that tap the underlying processes responsible for ensuring rapid and 
effective acquisition of the skills that underpin literacy development and finding 
evidence for using tasks or measures, which will differentiate dyslexics from non-
dyslexics in assessment situations. There appears to be a range of research evidence to 
suggest that some of the difficulties that children expetience (particularly those who 
have been identified as dyslexics) are min·ored in these same individuals once they reach 
adulthood, particularly evident in the persistence of reading and spelling difficulties 
(Btuck, 1990, 1992, 1998). However, there have been some mixed results regarding 
rapid naming stimuli when investigating the robustness of such a measure across the life 
span with some researchers claiming that in their population it does not differentiate the 
adult dyslexic :fi.·om the non-dyslexic. In a study using university students with ages 
ranging from 18 to 55 years, Everatt (1997) did not find that rapid naming of familiar 
objects or colours differentiated dyslexics from non-dyslexics, thereby concluding that 
these were 'unlikely to be of diagnostic utility' for this age group. Snow ling, Nation, 
Moxham, Gallagher and Frith (1997) found that dyslexic students were marginally 
slower at digit naming than age matched controls (mean age of participants 22.5 years 
and 22.7 years respectively), coming close to significance on this n1easure. One reason 
for this difference between colour naming and digit naming could be attributed to the use 
of alphanumeric stimuli of numbers, argued to be a reading related skill, and non-
alphanumetic material of colour stimuli. Hatcher, Snow ling and Griffiths (2002) 
extended the work of Snow ling et al. (1997) by adding further diagnostic reading and 
writing tasks in addition to a rapid object naming task whilst retaining the rapid digit 
naming task. They found that the dyslexic students were slower on both rapid natning of 
digits and objects. Evidence :fi.·om other studies has corroborated the fact that rapid 
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automatised naming tasks using letters and digits continue to differentiate dyslexic 
adolescents and adults (e.g. Bowers, Steffy & Tate, 1988; Denckla & Rudel, 1976; 
Wolff, Michel & Ovrut, 1990). In addition to this evidence Denckla and Rudel (1976) 
found that it differentiated dyslexics fi·om both normal readers and 'garden variety' poor 
readers (see Study C1 for further discussion). 
The continuous naming fotmat of rapid naming tasks is believed by some researchers to 
be more closely related to the reading process as it requires access and retrieval of 
infmmation; it requires scanning, sequencing and processing of serially presented 
material (Wolf, 1991). It was in the context of this that the three rapid automatised 
naming tasks used in Study C2 were designed. 
3.2.3 Method 
3.3.2.1 Participants 
Sixty male participants, ranging in age fi·om 9 years 2 months to 16 years 11 months 
participated in the study. The mean age of the participants was approximately 13 years 6 
months (SD = 2.3 years). Half of the participants were dyslexic and half non-dyslexic. 
The participants were drawn fi·om two independent schools, in Worcestershire and 
Surrey respectively, one a preparatory school and one a boarding school. Both schools 
had the provision of a special needs unit to accommodate dyslexic pupils but also taught 
non-dyslexic children ensuring that dyslexics and non-dyslexics could be drawn from the 
same school environment. All the participants were white, predominately Btitish but 
with a small minority of foreign students. 
Dyslexics were selected with the support of special needs teachers. All had been 
identified as dyslexic by educational psychologists using the typical assessment 
procedures outlined in the general introduction (Section 1, 1.3.4). Dyslexic children 
with major emotional/behavioural problems were not selected due to potential problems 
that the testing procedure may cause. Non-dyslexics were chosen in a pseudo-random 
fashion from the general school population. None had a record of special needs or 
literacy difficulties. Selection procedures meant that for each dyslexic, a non-dyslexic 
fi·om the same school, of the same sex and in the same school year was chosen. If more 
than one non-dyslexic was appropriate for selection, they were chosen at random. Only 
those children for whom parental approval was given were included in the study. 
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In order to assess ｡ｧ･ｾｲ･ｬ｡ｴ･､＠ improvements in rapid naming tasks, the groups 
represented three separate educational and developmental age groups: 9 to 11 years 
(mean age 10.61 (SD = .82); 12 to 14 years (mean age= 13.65, SD = 1.00); and 15 to 17 
years, (mean age= 16.07, SD = .60). Table 3.3 presents a breakdown of the ages of these 
children based on dyslexic versus control group n1embership. 
Table 3.3 Study C2. Sun1mary of age ranges, mean ages, with standard deviations in 
parenthesis, for the dyslexics and non-dyslexics in each age group. 
Group 1 Group 2 Group3 
(9-11 years) (12-14 years) (15-17 years) 
n =20 (male) n=20 (male) n = 20 (male) 
Age range: Age range: Age range: 
9.17-11.83 12.08-14.84 15.08- 16.92 
(Mean: 10.62; (Mean: 13.65; (Mean: 16.07; 
SD=.82) SD = 1.00) SD=.60) 
Dyslexics Controls Dyslexics Controls Dyslexics Controls 
n=lO n=lO n=lO n=lO n=lO n=lO 
1 
10.59 10.64 13.69 13.61 16.00 16.10 
(0.84) (0.83) (0.99) (1.06) (0.51) (0.69) 
3.3.2.2 Materials and Procedures 
Three separate rapid automatised naming tasks were administered individually to all the 
participants, in a quiet room away from distractions. A stopwatch was used to measure 
the response times for each task and the tin1e recorded in milliseconds. The total 
administration time was approximately 7 minutes. 
3.3 .2.2.1 Rapid Automatised Naming (Animals) 
This test assessed the time taken by the participant to name 24 fan1iliar, coloured animals 
arranged in a 4 x 6 matrix on a single sheet of white A4 paper (Appendix 1). The animal 
pictures were downloaded from Microsoft Clip-Alt, within the component 'Word' of 
Microsoft Office (Microsoft, 1997). To ensure that all the animals were familiar to each 
palticipant they were asked to name all the stimuli prior to testing, and given the actual 
name of the animal if any uncertainty arose. In order to familiarise the participant with 
the task, the practice session consisted of asking the participant to name as quickly as 
possible the middle line of the stimulus sheet. Participants were asked to name the 
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stimuli as quickly as possible, starting at the top of the page and working fi·om left to 
right across each of the rows. They were advised that they would be tin1ed on the task. 
The score was recorded in milliseconds. 
3.3.2.2.2 Rapid Automatised Naming (Digits) 
This task consisted of the digits 1, 3, 5 and 7 being arranged randomly in each row, in a 
matrix 4 x 6 on a single sheet of white A4 paper, in font size 24 in Times New Ron1an 
(Appendix 2). The numbers were evenly spaced across and down the page. The practice 
session consisted of naming the numbers of the middle row of the stimulus sheet in order 
to familiarise the participant with the task. Participants were asked to name the digits as 
rapidly as possible, starting at the top of the sheet and working :fron1 left to tight along 
each row. They were advised that they would be timed on the task. The score was 
recorded in milliseconds. 
3.3.2.2.3 Rapid Automatised Naming (Colours) 
This task consisted of twenty four coloured rectangles displayed in a matrix of 4 x 6 on a 
single sheet of white A4 paper (Appendix 3). Blue, red, yellow and green boxes, 
approximately 2.5 em x 3.5 em in size, were arranged randomly across each row. Each 
box was filled with one of the stimulus colours, presenting the child with a block of 
colour to name. The practice session consisted of naming the colours of the rectangles in 
the middle of the stimulus sheet in order to familiarise the participant with the task. The 
participant was then asked to name each colour as rapidly as possible, starting at the top 
of the sheet and working from left to right along each row. They were advised that they 
would be timed on the task. The score was recorded in milliseconds. 
3.3.3 Results 
Means and standard deviations for each of the rapid naming tasks of animals, colours 
and digits completed by the groups of children, together with the results of independent 
samples t-tests comparing dyslexics with controls at each of the age levels tested are 
present in Table 3.4. A series of analyses ofvatiance were also perfotmed to compare 
the dyslexics' and controls' perfotmance on each rapid naming task across the age 
ranges tested. This allowed an assessment of dyslexic versus control classification, of 
age grouping and of the interaction between the two. One analysis of variance was used 
for each naming task. 
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Table 3.4 Study C2. Summary of mean scores, standard deviations in parenthesis, for 
each group on the rapid naming of animals, rapid nan1ing of colours and rapid naming of 
digits. 
Group 1 Group2 Group3 
TASK (9 -11 years) (12- 14 years) (15-17years) 
Males Males Males 
n=20 n=20 n=20 
Dyslexics Controls Dyslexics Controls Dyslexics I Controls n= 10 n=10 n=10 n=10 n= 10 n=lO 
Animal naming task 
(Time in seconds) 35.71 24.86 27.44 24.07 23.62 19.53 
(21.37) (4.72) (12.43) (8.87) (8.73) (2.12) 
(t(18) = 1.57, p = .134 ns) (t(18) = .70, p = .494 ns) (t(l8) = 1.44, p = .168 ns) 
Dyslexics Controls Dyslexics Controls Dyslexics Controls 
n=10 n=lO n=10 n = 10 n=10 n=lO 
Digit naming task 
(Time in seconds) 16.14 9.93 11.84 8.64 10.20 10.66 
(6.08) (1.52) (3.35) (1.97) {1.89) (3.05) 
(t(18) = 3.14, p<.Ol} (t(18) = 2.61, p<.05) (t(18) = -.41, p = .688 ns) 
Dyslexics Controls Dyslexics Controls Dyslexics Controls 
n=10 n= 10 n=10 n= 10 u=10 n=lO 
Colour naming task 
(Time in seconds) 22.47 13.86 17.66 11.84 12.94 12.55 
(11.33) (2.87) (9.39) (2.48) (1.78) (1.43) 
(t(18) = 2.33, p<.OS) (t(18) = 1.89, p = .074 ns) (t(18) = .536, p =.599 ns) 
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The analysis of variance for the animal naming task indicated a significant main effect 
of group, with the dyslexic participants taking longer to name the stimuli than the 
controls {F(1,54) = 4.23, p<.OS). There was a non-significant main effect of age, 
although this approached significance {F(2,54) = 2.88, p = .065). The results of the 
analysis indicated a non-significant interaction (F(2,54) = .65, p =.53). Figure 3.3 
presents the results from this task in graph fmm. 
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The analysis of variance for the rapid automatised naming of digits indicated a 
significant main effect of group, again with dyslexics producing longer response times to 
the stimuli than the controls (F(l,54) = 11.93, p<.Ol). There was also a significant main 
effect of age (F(2,54) = 4.35, p<.05) and a significant interaction (F(2,54) = 4.99, p<.Ol). 
A graphical representation of the results is shown in figure 3.4. 
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The analysis of variance for the rapid automatised naming of colours indicated that there 
was a significant main effect of group in the time taken to complete the task (F(1.54) = 
9.28, p<.05), and a significant main effect of age (F(1.54) = 3.18, p<.05). However, the 
analysis of variance indicated a non-significant interaction (F(2,54) = 2.22, p = 0.12}. 
Figure 3.5 presents these results in graphical form. 
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Independent samples t-tests were conducted to evaluate any differences in perfotmance 
of the dyslexics in comparison to controls in each of the age groups. It can be seen from 
Table 3.4 that there was no significant difference in perfotmance between the dyslexic 
and control pat1icipants in any of the three age groups on the rapid automatised naming 
of animals. However, for the rapid automatised naming of digits, significant differences 
were found for the 9 to 11 year olds and the 12 to 14 year olds. These indicated that the 
dyslexic participants were slower than the controls at both age ranges. Interestingly, this 
was not the case for Group 3, where the results indicated a non-significant difference in 
the time taken to rapidly name digits. The dyslexic participants in Groups 1 and 2 took 
significantly longer to rapidly name digits under timed conditions. Similar results were 
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found in analyses of the rapid automatised naming of colours data. Again, significance 
differences were found for Groups 1 and Group 2, but not for Group 3. 
3.3 .4 Discussion 
The main aim of the study was to assess whether the performance of dyslexics would 
differ from non-dyslexic class peers on rapid naming tasks using a serially presented 
format for colour, animals and digit stimuli, across the compulsory education years. The 
results from the tasks indicated differences between dyslexics and non-dyslexics (with 
the fotmer producing slower latencies that the latter) as well as some evidence, albeit 
inconsistent, for improvements in perfotmance with age for both dyslexics and non-
dyslexics (older groups typically producing faster responses than younger age groups). 
The results from the present study are mixed. On the non-alphanumetic stimuli of 
animal naming, there was evidence to suggest a significant difference in the petformance 
of the dyslexic participants when compared with the controls; that is, the dyslexics took 
longer to name the animals. Although there was a non-significant trend for an age effect 
on rapid naming, there was no evidence of an interaction between age and 
dyslexic/control group classification. Similarly, although none of the analyses focusing 
on each age group were significant, the means produced by the 9 to 11 year old dyslexics 
and controls were clearly different (see table 3.4 and figure 3.3). This difference was 
probably masked by the large standard deviation produced by the dyslexics. Three 
dyslexic individuals in this age group took substantially longer to name the animals than 
the rest of the participants. Such a variation in perfotmance suggests that for some 
dyslexics accessing the verbal label may have posed a particularly difficult problem. 
This may also have been a consequence of the pictures chosen as the stimuli. Indeed, 
some confusion was noted during the study in the naming of some of the items; for 
example, the drawing of a 'swan' sometimes elicited the response 'bird'. The overall 
significant difference between the groups on this rapid naming task is consistent with 
findings in the literature. Katz (1986) compared good readers with poor readers and 
found that they did in fact have similar difficulties to the findings of the present study in 
naming objects accurately, especially low frequency, polysyllabic words. Katz has 
argued that the difficulties experienced by poor readers on object naming tasks may be 
attributed to phonological difficulties rather than semantic difficulties. He found a 
conelation between naming accuracy and reading skill. In an attempt to repliqate Katz's 
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(1986) study, Snow ling, Van Wagtendonk and Stafford (1988) chose pictures of objects 
known to children, including those with polysyllabic names. Analysis of their results 
revealed that the dyslexics made more naming enors than children matched on age and 
vocabulary suggesting it was a specific deficit in retrieval of phonological 
representations rather than a deficit in semantic knowledge. Swan and Goswami (1997) 
also found evidence to support the poorer perfotmance of dyslexics compared with 
controls, especially on low fi·equency and long items, a difficulty they attributed to 
retrieval of phonological codes of known pictures rather than a vocabulary deficit. 
Differences between dyslexics and controls may have been more clearly identified in the 
present study if different stimuli (e.g. low fi·equency, polysyllabic words) had been used 
and en-or analyses undertaken. 
Contrasting results were found for the colour naming task. Since colour names are one 
of the first sets of words leatnt by young children it might be expected that the ability of 
this n1easure to differentiate across an age range might plateau in primary education and 
hence the ability to differentiate between dyslexics and non-dyslexics might also 
diminish with age. Interestingly, the initial analysis did not suggest a significant 
interaction between age and dyslexic/control group membership. However, in the 
follow-up analyses, the response times of dyslexics and non-dyslexics differed 
significantly for participants in Groups 1 and 2 but did not for the older age group, the 15 
to 17 year olds. Although the results suggest that such colour naming tasks may no 
longer differentiate between dyslexics and non-dyslexics in this age cohoti, these results 
need to be treated with caution. In addition, it is wmih noting that the controls in the 15 
to 17 year age group were slower to respond to the stimuli than the younger 12 to 14 
year olds suggesting that the 15 to 17 year oJds may not have been responding optimally. 
Finally, previous research has found differences between adult dyslexics and controls in 
such colour naming tasks. 
The alphanumeric naming task of digits confhmed previous findings as to its robustness 
to differentiate dyslexics from non-dyslexic across the 9 to 17 year age range 
(Acketman, 2001; Badian, 1990, 1991; Spring & Capps, 197 4; Spring & Davis, 
1988; Wolf et al. 1986). However, a significant interaction between age and 
dyslexic/control group membership suggests differential improvements with age 
between these groups. Follow-up analyses indicated that amongst age Groups 1 and 2, 
148 
dyslexics and controls could be distinguished, with longer latencies being produced by 
the dyslexics. However, this was not the case with the older age group, the 15 to 17 year 
olds, where there was a non-significant difference in petformance. Table 3.4 shows that 
the controls in this age group were slower than the controls in the younger 12 to 14 year 
old age group. There could be two reasons for this. Firstly, the control participants 
could have achieved an optimum processing speed by age 12 to 14 meaning that such 
measures will fail to differentiate this age group from an older group. By 12 to 14, the 
stimuli have been over-learned and automatic access has been achieved. An alternative 
explanation may be that the controls in the 15 to 17 age group were not perfotming at 
their optimum potential, possibly because the task would be seen as not meaningful for 
this age group. 
In conclusion it appears that rapid automatised naming tasks still continue to 
differentiate dyslexic from non-dyslexic learners albeit not in a consistent way. The 
finding that object naming, in this instance animal naming, was not such a reliable 
measure may have been due to the type of stimuli used, which could have accounted for 
some of the word labelling errors noted. A different picture emerged with colour naming 
and digit naming, with both showing differences between dyslexics and non- dyslexics 
and some evidence of age-related influences. These findings suggest that rapid naming 
may provide the potential for differentiating individuals with different levels of literacy 
acquisition across the age range fi·om 9 to 14 years, and then only on a task such as digit 
naming. Although the findings need to be treated with caution, particularly in the older 
age cohort, the data presented in this thesis suggest that rapid naming measures can 
distinguish between dyslexics and controls up to late secondary school level. However, 
the stimuli used and the ages tested need to be considered carefully. The same stimuli 
may not be appropliate across the whole of the age range tested. Similarly, it is not the 
case that dyslexics do not show improvements with age in rapid processing of known 
lexical items. The evidence that the 15 to 17 year olds can perform at levels consistent 
with their non-dyslexic peers suggests that rapid access to phonological units may be 
achieved to an appropriate developmental level by at least some dyslexics despite 
continued difficulties in literacy. 
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3.4 Discussion of cross-sectional studies 
The pattetn of results from these two studies is mixed, with inconsistencies in the older 
age ranges. Results from the alliteration and rhyme tasks suggest that age, at least for 
the younger participants up to the age of 12, is a factor in the number of words generated 
within a time frame. There were significant main effects of group and age with these 
children on both alliteration and rhyme. The analyses from the rapid naming tasks 
suggests that out of the three used digit naming produced similar results for participants 
up to the age of 14. Overall, there was evidence for age-related changes, so there was an 
improvement in performance with age, across most of the tasks in these two studies. 
However, as previously mentioned the mixed results need to be treated with caution. 
These suggest there are different age-related improvements but not always a significant 
interaction between dyslexics and non-dyslexics. It would have been interesting if the 
participants in Study C I and Study C2 had canied out all the five tasks. This would 
have added substantially to the sample size of the study and may well have resulted in 
different findings. 
Comparison of results with previous research findings is also difficult because of the 
differences in age range of participants and the tasks used. What can be reported is that 
the 12 year old participants in Study Cl minored the results of Frith et al. 's (1995) 
participants on generating alliterative words. Snowling et al. (1997) provided similar 
evidence from their cohort of university students, albeit a different age range from about 
20 years to 33 years, on the phonemic task, with the dyslexics generating fewer 
responses when con1pared with non-dyslexics, which adds weight to the findings in 
Study C 1. Rhyn1e tasks do not seem to produce the results expected, suggesting that as 
age increases this becomes a less sensitive measure, coupled with the fact that it appears 
to fail to differentiate dyslexics from their non-dyslexic peers after a certain age. Many 
rhyme tasks appear to suffer frotn ceiling effects (e.g. Bunn, 1995; Snowling et al., 
1997; Stanovich et al., 1984). It appears from the evidence that there is value in using 
the verbal fluency task of generating words starting with the same phoneme within time 
constraints as there is not the ceiling effect noted in the rhyme tasks. However, for both 
the verbal fluency tasks further investigation of skills evident in age range of 12 to 21, 
especially the age range 16 to 21 years, could elicit different results if time and enor 
count are incorporated in the analyses. Stanovich et al. (1984) concluded from their 
study that rhyme production was significant when these two factors were con1bined. 
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Future research with participants up to the age of 21 might also investigate the 
conelation between attainment measures in reading and spelling with alliteration fluency 
and rhyme fluency, as well as an analysis of the impact that the severity of reading 
impairment has on performance. Other possible suggestions for improving future studies 
might be to incorporate reading-age matched controls, as well as a measure of verbal 
ability. Research suggests that phonological skills develop over time and that all tasks 
do not load onto a single factor but onto two factors so the complexity of the tasks to 
differentiate dyslexics from controls needs further consideration. 
Investigation of the literature on rapid naming tasks confirms the role that the digit task 
plays in both an age-related improvement in response times as well as the ability of the 
task to differentiate between dyslexics and non-dyslexics (Hatcher, Snow ling & 
Griffiths, 2002; Nicolson & Fawcett, 1995). However, this consistency is not evident 
with other stimuli, particularly the colour naming task. The evidence points to the 
inconsistency of this task, in the studies mentioned in this section of the thesis, to 
differentiate dyslexics fi.·om non-dyslexics consistently across the age range. One reason, 
already mentioned is that this is the earliest skill learnt by young children and may be the 
first to show diminution effects with age. There was some evidence of main effects of 
group and age for all but age on the colour naming task in Study C2. One study, that by 
Nicolson and Fawcett (1995), with a comparable age range of 8 to 16 year olds did find 
significant differences on colour naming. However, Everatt (1997) did not find this 
diagnostically useful in his cohort of 18 to 55 year olds. The animal naming task used in 
Study C2 was probably the least useful of the three tasks, even though evidence in the 
two younger age groups suggested improvement with age there was a failure to find an 
interaction effect, the ability of this task to differentiate dyslexics from non-dyslexics. 
Semantic confusability or polysyllabic words might account for the results. However, 
on the matter of object nan1ing Hanley (1997) found evidence for a link between those 
with the longest latencies were also the most severely impaired on reading single words, 
which confitms Wolfs (1991) assertion for a significant relationship between speed and 
severity. Overall, the use of alphanumeric tasks seems to produce the most consistent 
findings within the age range of9 to 17 years (Ackerman, 2001; Badian, 1990, 1991; 
Nicolson & Fawcett, 1995; Spring & Capps, 1974; Spring & Davis, 1988; Wolf et al., 
1986). Extending research in this area might include investigating the usefulness of such 
stimuli in continuing to show age-related differences across the age range 16 years to 21 
years, as well as their differential ability in identifying dyslexics compared with non-
151 
dyslexic peers. Future research may also need to look at individual differences in overall 
cognitive profiles if task selection is to be maximally useful in identifying the dyslexics 
ft·om non-dyslexics across a range of educational and occupational settings. 
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Section 4 
4 Remediation studies 
4.1 Introduction to remediation studies 
In this final section of studies, the two areas of focus for the work reported in this thesis 
will be considered in terms of remediation. The first study focuses on the remediation of 
skills related to phonological awareness. The second study focuses on processes related 
to rapid naming ability. Each of the studies takes a different approach to intervention. 
The first study, Study R1, undertakes to evaluate the efficacy of a range of commercially 
available programmes in helping to develop literacy skills in young children who are 
struggling to make progress in literacy acquisition. The second study, Study R2, seeks 
to appraise the efficacy of a training programme designed to improve speed of 
processing and its subsequent effect on literacy, phonological and orthographic 
processing. 
4.2 StudyR1 
4.2.1 Introduction 
Leatning to read is a complex skill that has been argued to require an understanding of 
the alphabetic script, the correspondence between graphemes and phonemes, and the 
ability to manipulate sounds in language (see introduction in Section 1). The ultimate 
aim of acquiring reading skills is to go beyond the ability to decode single words 
accurately, fluently and with ease in order to achieve an understanding of the text that is 
being read. Many children continue to snuggle with reading at the most basic level and 
consequently this difficulty has an impact on any provision needed to deal with the 
problem and level of educational achievement. 
There now exists a substantial body of research evidence to suppol1 the idea that this 
difficulty in learning to read stems frmn a problem with phonological processing during 
the early stages of acquisition (see Adams, 1990 for a review; Goswami & Bryant, 1990; 
Rack, Hulme, Snow ling & Wightman, 1994; Vellutino, Scanlon, Sipay, Small, Pratt, 
Chen & Denckla, 1996; Wagner & Torgesen, 1987). More specifically, the difficulty 
appears to be related to leatning graphetne-phoneme correspondence tules; that is 
leatning how the letters of the alphabet map onto the sounds of the language in order to 
be able to decode words for reading and encode words for spelling and writing (Rack, 
Snowling & Olson, 1982). It has been suggested that there is a range of problems which 
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contribute to this difficulty, namely poor awareness of phonological units, and/or the 
ability to access rapidly the information stored in long term memory, and a lack of 
specific representation of this phonological information in short-term memory; in 
essence problems with awareness, access and storage (see Torgesen, Wagner & 
Rashotte, 1997). 
Evidence from studies with preschool children supports the impottance of letter 
knowledge in predicting later reading skills (see Adams 1990 for a review; Muter, 1994; 
Naslund & Schneider, 1996). In fact knowing letters is also strongly correlated with the 
ability to remember fotms of written words, which enables the learner to treat them as 
ordered sequences of letters rather than visual pattetns (Ehri, 1992; Ehri & Wilce, 
1985). Research evidence also comes from many different languages to support the 
premise that a child's level of phonemic awareness on entering school is thought to be 
the strongest single predictor of later success (e.g. see Alegria, Pignot & Morais, 
1982; Blaclunan, 1984; Cossu, Shankweiler, Libetman, Katz & Tola, 1988; Elkonin, 
1973; Juel, 1991; Lundberg, Olofsson & Wall, 1980; deManrique & Gramigna, 1984; 
Stanovich, 1986). One impottant aspect highlighted by Adan1s and Bruck is that reading 
and comprehension rely heavily not only on a child's ability to use these grapheme-
phoneme coiTespondence tules, but on over leatning and refining them, in order to 
ensure 'word recognition becomes fast and nearly effottless' (Adams & Bruck, 1993, 
p.15). 
What appears to be firmly established is the correlation between phonological skills and 
reading ability (e.g. Wagner & Torgesen, 1987). Several longitudinal studies have 
shown that it is possible to identify children at risk for reading failure at a very early age 
and to track their literacy development based on a range of measures, which are known 
to tap phonological skills. Since the early 1980s a range of training studies have been 
undertaken. One of the most influential of these studies in the UK was that of Bradley 
and Bryant (1983) who used children taken from their original1978longitudinal sample 
and taught them individually how to categorise words by sound. The children ranged in 
age fi·om 5 years 5 months to 7 years 4 months, with a mean age of 6 years 1 month. 
Children were assigned to one of four groups: 
(i) sound categorisation; (ii) sound categotisation with letter-sound coiTespondence using 
plastic letters; (iii) a group taught to categorise words based on semantic category, for 
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example animals; and (iv) a no-treatment group. The findings revealed that the most 
effective form of training was the sound categorisation with letter-sound group who 
gained the most, making significantly more progress than any other group. Interventions 
that related most closely to learning grapheme-phoneme con·espondences necessary for 
reading and spelling development that had the greatest impact. Hatcher, Hulme and Ellis 
(1994) term this link between phonological skills and reading the 'phonological linkage 
hypothesis'. However, such extensive training, over two years, is unlikely to be 
undertaken or sustainable in today' s economic climate unless through independent grants 
:fi.·om research organisations. Bradley and Bryant's (1983) study also failed to establish 
conclusively the causal role of sound categorisation. 
Lundberg, Frost and Petersen (1988) trained a large group of children, with a mean age 
of 6 years, daily for 15-20 minutes over a period of 8 months using metalinguistic 
exercises and games. The tasks involved rhyming, word and syllable manipulation. A 
control group received no training in phonological awareness. No formal reading 
instruction was undertaken. The results showed a dramatic effect at the phoneme 
segmentation level. In a follow up of the training intervention with these preschool 
children, reading and spelling achievement were assessed at regular intervals across the 
first four years in school (Lundberg & Hoi en, 2001 ). The trained children still 
outperformed the untrained children in both reading and spelling achievement. The 
researchers argued that the results provided evidence that phonological awareness can be 
developed independently of reading ability, and facilitate subsequent reading acquisition 
providing support for a causal link. 
In a study involving kindergarten and first grade children, Cunningham (1990) divided 
each of the year groups into two training groups, giving two different forms of phonemic 
awareness training twice a week over a ten-week period. In addition a control group of 
kindergatien children and a control group of first grade children received no fotmal 
insttuction in phonemic awareness but listened to stories and discussed these. The first 
group undertook 'skill and drill' tt·aining in segmentation and blending of phonemes; the 
second group received 'metalevel' training, which incorporated into the 'skill and drill' 
activities explicit emphasis on the link between phonemic awareness training and 
reading. Segmentation and blending skills were given in tt·ained exercises. The group 
trained at the 'metalevel', which incorporated tt·ansfer of learned skills to reading 
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activities, made more progress than either the 'skill and drill' or control group. Again it 
appears that it is the incorporation of reading related activities that makes the significant 
differences between the trained groups and the control. 
In a training study Hatcher et al. (1994) investigated their 'phonological linkage 
hypothesis'. Their main aim was to test this hypothesis in the context of an 
'educationally realistic longitudinal intervention study' with children who, at the age of 
7, were already showing marked difficulties in reading development. In order to do this 
they had three training groups: the first group was trained using a combination of· 
phonological training and reading instruction; the second group received only reading 
instruction; and the third group phonological training alone. They were interested in 
testing their phonological linkage hypothesis, which made a specific prediction that the 
children receiving the combined training should make more progress than either of the 
other two groups. Their findings suppolted their hypothesis that linking phonological 
training and reading instruction has significantly n1ore effect for struggling readers than 
single skill training alone. 
Each of the above studies has implications for educational intervention. It appears that 
teaching the children explicitly the connection between phonemes and their relationship 
to the reading process has much more effect than phonological training alone. This 
seen1s to apply particularly to children who are snuggling with reading development. 
However, the longitudinal data from Lundberg et al. 's (1988) study suggest that for 
preschool children there are benefits in training phonological awareness skills before 
formal reading insttuction. There is also an additional issue raised by several 
researchers, which focuses on children who fall into the lowest qualtile on phonological 
awareness skills. These children do not appear to benefit from phonological n·aining, 
and are aptly named as 'tt·eatment resistors' (Torgesen, 2000; Torgesen, Wagner and 
Rashotte, 1994). Indeed, several studies have found children who fail to benefit from 
intensive instruction in linking phonological training with reading related activities 
(Brown & Felton, 1990; Fomman, Francis, Fletcher, Schatschneider & Mehta, 1998; 
Torgesen, Wagner & Rashotte, 1997; Torgesen, Wagner, Rashotte, Rose, Lindamood, 
Conway & Gavan, 1999). In a review of intervention studies, Torgesen (2000) estimates 
that approximately 2% to 6% of all children are likely to remain poor readers in spite of 
well-structured, intensive intervention. The question of how to teach them and what to 
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teach them remains unclear. It may be that alternative methods of teaching underpinning 
skills for reading acquisition are necessary. In summary, outcome depends on h·aining 
phonological skills in combination with teaching reading, though the degree of deficit 
present at the time of intervention has been found to reduce the effectiveness (Lundberg 
eta/., 1988; Torgesen et al., 1997). 
The study outlined below selected three commercially available programmes for use in 
training children who had been referred by teachers because of evident difficulties with 
acquiring the underpinning skills to progress in reading. Two of the programmes, Sound 
Linkage (Hatcher, 1994) and Launch into Reading Success (Ottley & Bennett, 1997), 
draw on knowledge gained ｦｲｯｾ＠ research into children's phonological development and 
its link to later reading attainment. The main difference between the two is that the 
former is intended for individual tuition, whilst the latter was specifically developed for 
group work. Research using Sound Linkage exists, with a study involving 7 year old 
reading delayed children, that has provided evidence of its success (Hatcher, Hulme & 
Ellis, 1994), although not with children as young as those who participated in Study R1 
detailed in this section. However, one of the conclusions drawn by Hatcher et al. was 
that it ought to be possible to use the programme with groups, if adapted. In contrast the 
developers of Launch into Reading Success state explicitly the usefulness of their 
programme with groups of Year 1 children at tisk of reading delay, although it is noted 
that it is not reshicted specifically to this group. Both of these programmes focus 
ptimarily on auditory training, in combination with a range of activities such as tapping, 
clapping and rhyming games. In contrast Star Track Reading and Spelling (Beadle & 
Hampshire, 1997) adopts a phonic approach to teaching knowledge of letter-to-sound 
coiTespondences leading to encoding and decoding skills. The programme relies heavily 
on worksheets but provides a systematic approach to building grapheme-phoneme 
con·espondences through individual letter sounds, letter recognition and wtiting of 
letters. Reading, spelling and writing activities related to each stage provide a detailed, 
sequential approach for young learners. In its favour it incorporates reading and 
spelling of single words, reading .sentences and short paragraphs. Star Track Reading 
and Spelling and Sound Linkage are the two programmes that have been designed for 
working with individual children and therefore needed to be modified in order to utilise 
these with Group 2 and Group 3 of Study R1. Although each programme offers a 
slightly different approach to teaching pre-reading skills in the early stages of literacy 
157 
acquisition, the children in each of the groups continued to have a structured reading 
programn1e within the classroom setting, following the normal cuniculum guidelines for 
reading instruction. The literacy programme within the participating school uses a 
sttuctured approach to teaching reading, which is heavily reliant on phonics teaching. 
The children who participated were divided into groups according to their educational 
needs, that is in accordance with their attainment to date. The evidence in support of the 
efficacy of the Sound Linkage programme was one of the reasons for making the 
decision to use it with Group 1 children, who were struggling, to a greater extent in 
comparison with the other participants, with literacy acquisition. Star Track Reading 
and Spelling and Launch into Reading Success were used with Group 2 and Group 3 
respectively. An additional aim of this study was to discover whether all the children 
would show significant improvement in their skills, which would be reflected in the 
ability to read and spell single words. In addition the study aimed to investigate whether 
one fonn of n·aining programme proved more successful than either of the other two. 
4.2.2 Method 
4.2.2.1 Participants 
Sixteen boys participated in the study. All were studying at the same independent school 
in the South East of England and had been refened for extra suppott by their teachers 
because of apparent difficulties in leatning to read comparative to. their peers. Each of 
these boys was considered by the teachers to be having problems in understanding basic 
sound-letter relationships. The ages ranged from 5 years 6 months to 6 years (with a 
mean of5.71 and standard deviation of0.18). 
In addition to participating in the following study the boys continued to receive special 
needs support throughout the following two years with regular single word reading and 
spelling tests, prose accuracy and con1prehension assessments being carried out. The 
form of the support differed from the one adopted for the intervention study. At the end 
of this period it was evident that all of the boys continued to experience difficulties with 
literacy acquisition. Therefore, educational psychology assessments were recon1mended 
to parents and canied out by an educational psychologist approximately two years after 
the end of this study. The assessments confitmed that all the boys who participated in 
Study Rl were in fact dyslexics. This classification of dyslexia was based on a 
discrepancy between literacy achievement and general ability, as well as indications of 
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problems in areas associated with phonological processing. The data collected on these 
16 boys was not used to track them as single case studies because the time frame of this 
research thesis did not allow it. However, this information is now available from these 
16 boys and may be used in the future. 
4.2.2.2 Materials and procedures 
The children were divided into four groups, with each group undertaking a different 
support programme. Three of these groups underwent support that incorporated one of 
the three training programmes outlined in the introduction (i.e. Sound Linkage, Star 
Track and Launch into Reading). The fout1h group was used as a control group and 
were not given suppot1 that focused on the relationship between letters and sounds. 
Group allocation was based on support teacher recommendations regarding educational 
requirements as well as characteristics ofthe children. Table 4.1 provides inf01mation 
on these groups of children in terms of their age, non-verbal ability and vocabulary, as 
well as their scores on the rapid naming, phonological discrimination and rhyme 
detection sub-tests of the Dyslexia Early Screening Test (DEST; Nicolson and Fawcett, 
1996). Those children with relatively low scores in each of these areas were allocated 
the Sound Linkage programme, with the ren1aining children randomly allocated to the 
alternative support procedures. 
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Table 4.1 Study Rl Participant characteristics: Means, with standard deviations in 
parenthesis 
Sound Star Track Launch into Control 
Variable Linkage N=3 Reading N=S N=4 N=4 
Age 5.75 5.57 5.77 5.72 (.21) (.66) (.19) (2.20) 
Raven Colour Progressive Matrices 14.50 16.33 19.20 17.50 (1.29) (2.08) (1.48) (2.78) 
British Picture Vocabulary Scale 105.75 111.67 104.75 117.00 (10.47) (.58) (12.09) (7.52) 
Rhyme/First letter sound (DEST) 9.25 10.67 12.75 10.20 (4.86) (2.08) (.50) (2.23) 
Phonological discrimination 8.25 8.33 8.75 8.80 
(DEST) (.96) (.58) (.50) (.45) 
Rapid Naming (DEST) 139.50 64.33 66.75 45.20 (53.38) (17.90) (31.98) (1.48) 
Non-verbal ability was assessed using the Raven's Coloured Progressive Matrices 
(Raven, 1995). This is a test ofvisuo-spatial reasoning, requiting the selection of one 
item out of a possible six, to complete the pattern. Vocabulary was assessed by the 
British Picture Vocabulary Scale (Dunn, Dunn, Whetton & Burley, 1995), a measure of 
receptive or comprehended vocabulary that required the child to point to one of four 
pictures which related directly to the spoken word's meaning. The DEST Phonological 
Discrimination sub-test required cfiildren to make a same/different judgement about two 
spoken words, while the Rhyme/First Letter Sound sub-test required children to judge 
whether two spoken words rhymed, as well as identifying the initial phoneme in a 
number of different words, whereas the Rapid Naming sub-test required children to 
name a series of line drawings of familiar objects as quickly as possible. 
160 
The DEST tasks are described in more detail in Section 2, 2.2.2.2.2, p.61 ). Practice and 
test procedures, instructions and materials were taken from the test manual and followed 
as desclibed therein. 
4.2.2.3 Phase 1 Pre-test measures 
Prior to intervention, children were tested on their literacy skills. The measures used 
assessed the ability to read words in isolation, to read words in text and answer 
comprehension questions about that text, and to spell words. Standardised tests were 
used in each case. These comprised the Schonell Graded Word Reading test, the Vernon 
Graded Word Spelling test, and the Macmillan Individual Reading Analysis (MIRA, 
Vincent & de Ia Mare, 1990). The single word reading and spelling tests followed the 
same procedure as outlined in Section 2, 2.2.2.2:5 (p.62) of the thesis. 
Macmillan Individual Reading Analysis (Fotm X). 
This is a test of oral reading ability and comprehension. It was administered individually 
to each participant. It presents the child with passages of prose, increasing in level of 
difficulty as the child progresses through the test. It is a test intended for use with 
children in the early stages of reading development. Each passage has an accompanying 
illustration and the child is asked to read each story aloud. At the end of each passage 
there are 2, 3 or 4 comprehension questions. Testing continues until the individual 
makes the maximum number of accuracy etTors on any given passage: 6 or more enors 
for passage 1, 6 or more enors for passage 2, 8 or more errors on passage 3 and 14 or 
more enors for passage 4. Comprehension questions are asked regardless of the number 
of errors. Raw scores were collected on accuracy and comprehension rather than 
conversion to reading age equivalents as some boys failed to gain sufficient points to 
enable notm tables to be used. 
4.2.2.4 Phase 2 post-intervention tests 
These same tests were repeated following the 10-week intervention period. The same 
procedures were used in the post-intervention testing as those used at the pre-
intervention stage. 
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4.2.2.5 Programmes of remediation 
Between pre- and post intervention testing, the children undetwent one of four 
intervention programmes. Group 1 undetwent a programme designed around the Sound 
Linkage intervention package (Hatcher, 1994). This package of materials contains the 
programme of phonological and phonological linkage activities that were used in the 
study conducted by Hatcher, Hulme and Ellis (1994). Although the programme was 
intended for individual tuition, with an assessment of a child's needs at the outset, the 
aim of this study was to use the materials with a group who had not managed to leatn to 
read fi·om the very structured phonics programme delivered within the normal class. The 
phonological tasks follow a sequence which reflects 'level of difficulty' and activities 
refen-ed to by several researchers in their work (Lewkowicz, 1980; Lundberg et al., 
1988; Stanovich, Cunningham & Cramer, 1984; Yopp, 1988). 
The Sound Linkage programme of phonological activities follows a very prescriptive 
sequence, claiming to follow children's phonological development. The material was 
adapted so that all the participants had an opportunity to be instlucted in each of the 
activities. For example in Section 1, activity 1, which introduces the concepts of 
'beginning', 'middle' and 'end' it was possible to use a different picture clue with each 
participant and still leave the opportunity for further work if necessary. This approach 
necessitated writing individual instluctions for each of the four patticipants in this group 
but worked well as they were given individual feedback. As each participant was 
presented with a different picture it was possible to go round the group to allow each 
child to respond individually to the concept of beginning, middle and end. In activity 2, 
comprehension of the concepts 'beginning', 'middle' and 'end' in sentences, a similar 
procedure was followed. Care was taken to ask a different participant to begin each 
activity. It was felt that adapting the programme in this way, although not the intention 
of the designers, gave group support to each of the individuals snuggling in gaining 
literacy skills. The phonological activities in Sound Linkage were used in this way 
throughout the 1 0-week period of intervention 
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occupying approximately 20 minutes of each teaching session. The following sections 
were covered: identification of words as units within sentences; identification and 
manipulation of syllables; phoneme blending; and identification and supply of rhyming 
words. 
The phonological linkage activities, which are presented with the programme, were used 
in the remaining 20 minutes of the 40-minute session. The following activities from this 
section were followed: hearing sounds and identifying letters; and hearing sounds and 
writing words. Plastic letters were used, as advised, to encourage each child to construct 
words. It was possible to choose categories of simple eve words, for example 'den', 
'hen', 'men' and 'pen and ask each participant to make their own identified word using 
his own set of letters. In this way the phonological linkage activities were adapted and 
used with each patticipant, allowing each the opportunity to take patt in a group activity 
but on an individual basis. The modification of the phonological activities in order to 
use them with a group was something that Hatcher et al. (1994) commented about in the 
concluding remarks following their intervention study. 
Group 2 undetWent a programme of intervention based on the Star Track Reading and 
Spelling package (Beadle & Hampshire, 1997). This programme was designed as a 
structured approach to teaching the basic reading and wtiting skills needed in order for 
children to make progress. It aims to link auditory and visual activities together in a 
progressive way. The aim of the designers was to allow teachers a systematic approach 
to teaching phonics to children who had failed to gain an understanding of the alphabetic 
principle through normal classroom tuition. At the same time the designers' intention 
was to help children gain confidence whilst building skills through worksheets and 
consolidating these with suppmting stories. 
As with the Sound Linkage programme used with Group 1, Star Track Reading and 
Spelling is intended, at least in the initial stages, to be used with individuals as opposed 
to groups. However, the use of several sets ofpictures and letters allowed a group of 
children to be taken through the tasks at the san1e time. Revision exercises, for example 
letter sounds, were adapted so that for the identification of the individual sounds of 'a', 
'm', 's', 'p', 'n' and 't' each participant had his own set, randomly ordered to avoid the 
problen1 which might arise from memorising the order from the previous individual's 
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tum. Spelling activities were done as a group, with 'read, cover, write and check' 
methods following the programme designers' advice and worksheets. Sets of individual 
cards on which were printed 'sight words' for use throughout the programme allowed 
each child in the group to have his own pack. Careful monitoring of each participant's 
ability to read these was done. The sentences, which are part of the programme, were 
reproduced on individual strips of card in order to give an opportunity for random 
presentation within the group, whilst allowing all of the individuals the opportunity to 
read them all. 
The activities were presented in the sequence they appeared in the package, starting at 
the beginning with Track 1 and progressing through the programme over the 10 weeks. 
The children were taught in two 40-minute sessions per week. 
Group 3 expedenced an intervention based on the Launch into Reading Success 
programme (Ottley & Bennett, 1997). This phonological awareness programme was 
designed to teach reading by incorporating auditory training on a range of different 
activities from awareness of whole words as units of sound to blending individual 
phonemes. In addition it offers 'linkage' activities. The linkage activities aim to give 
practice to children in saying and tracing the sound of a group of letters, discriminating 
letter shapes within a discrete group, extending work on letter-sound relationships and 
making words using letters. Each participant had his own set of plastic letters so that a 
range of activities could be undertaken individually and as a group dependent on the 
lesson plan. 
This programme is intended to be used with groups of children and therefore each of the 
lesson plans is devised to give guidance on aim, learning outcome, materials and 
method. It gives specific guidance if a child hesitates on any item. The programme also 
advises on the range of materials that should be used with the children throughout the 
activities to give them the oppottunity to manipulate letters, cubes, counters and blocks, 
following research evidence that use of concrete aids facilitates leatning (Bradley and 
Bryant, 1983). Launch into Reading was used with this group of children over a 10-
week period, for approxin1ately two 40-minutes sessions per week. The designers 
. ' 
intended it as a programme for use with children in Year 1 at risk of reading delay. 
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Group 4 received additional suppmi for the same amount of time as the other groups in 
this study. This suppoti took the form of extra reading and spelling activities. The 
reading activities involved building sight vocabulary, with additional time to practise 
reading fi·om the structured reading scheme. No explicit teaching of phonemic 
awareness was undertaken, and plastic letters were not used in order to manipulate 
sounds and build words. Spelling activities similarly focused on whole words and 
writing in context with no explicit teaching of phonological units smaller than the whole 
word sound. Group 4, therefore, acted as a control group to the other three groups in 
tetms of support being provided that did not focus on the key feature of study; that is the 
efficacy of explicitly teaching letter-sound correspondence to these young children at 
risk of dyslexia. 
4.2.3 Results 
The aim of this study was to investigate three sttuctured programn1es that teach explicit 
phonemic awareness with linking activities for reading. The interest lay in exploring the 
issue that one of these approaches may lead to improvements in literacy skills of children 
in Year 1 who were struggling with the regular teaching of phonics in the school; that is 
children who had failed to make the same progress as their peers. Pre- and post-
intervention literacy scores, therefore, are presented in Table 4.2. Statistical analyses 
were performed on each of these measures to investigate whether groups showed 
evidence of improvements in literacy across the course of the study and whether there 
was any evidence for any improvements to differ between groups. Each literacy 
measure was analysed separately, using a two-way mixed design analysis ofvatiance. 
Each analysis of variance included a between group factor (the four intervention groups) 
and a repeated measures factor (pre- versus post-intervention scores). The key ･ｦｦ･ｾｴ＠
was the interaction between these factors that would indicate differences in 
improvements between the intervention groups. 
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Table 4.2 Study Rl. Means, with standard deviations in parenthesis, for pre-intervention 
(Tl) and post-intervention (T2) measures. 
Group 1 Group 2 Group3 Group 4 
Val'iable Sound Star Launch Control 
Linkage Track into N=5 
N=4 N=3 Reading 
N=4 
Schonell single word reading Tl 2.75 7.00 8.25 14.20 
(2.22) (0.00) (3.30) (3.42) 
Schonell single word reading T2 9.75 17.00 15.25 24.80 
(5.74) (7.00) (6.24) (2.49) 
Vernon spelling T1 5.25 7.00 7.50 8.00 
(3.59) (1.00) (1.73) (2.12) 
Vernon spelling T2 5.25 7.67 9.50 13.40 
(2.06) (0.58) (3.32) (1.67) 
Individual Reading Analysis 4.75 7.00 11.75 15.60 
(accuracy- raw score) Tl (3.20) (3.46) (0.96) (3.85) 
Individual Reading Analysis 12.25 23.00 17.75 32.40 
(accuracy -raw score) T2 (7.63) (12.77) (6.19) (5.36) 
Individual Reading Analysis 2.75 3.00 3.25 6.20 
(comprehension- raw score) Tl (1.89) (2.65) (2.63) (1.92) 
Individual Reading Analysis 4.00 6.00 4.25 7.60 
(comprehension- raw score) T2 (1.14) (2.00) (2.36) (1.14) 
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For single word reading, the analysis of variance indicated that there was a significant 
difference between the four groups (F(3,12) = 12.773, p<.05), a significant main effect 
of time (F(1,12) = 38.49, p<.05) but a non-significant interaction between groups and 
time (F(3, 12 = .512, p = .682). This suggests that the children were n1aking progress 
between pre-intervention and post-intervention, but that there was no evidence to suggest 
that the improvements differed across the methods of intervention. This result can be 
seen in Figure 4.1, which clearly shows similar rates of improvement across the four 
groups. 
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For reading prose accuracy, the analysis of variance indicated a significant difference 
between the four groups (F(3,12) = 7.32, p<.05), a significant main effect of time 
(F(1,12) = 51.46, p<.05) but a non-significant interaction between groups and time 
(F(3,12 = 3.19, p = .06). As in the previous analysis, there was evidence of progress 
between pre-intervention and post-intervention, but no evidence to suggest that this 
differed between the methods of intervention. These results can be found in Figure 4.2. 
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Figure 4.2 Study Rl. Pre-intervention and post-intervention reading prose accuracy 
168 
For reading prose comprehension, the analysis of variance indicated a significant 
difference between the four groups (F(3,12) = 3.43, p<.05), a significant main effect of 
time (F(1,12) = 17.15, p<.05), but a non-significant interaction between groups and time 
(F(3,12 = 1.07, p = .40). Again the evidence suggests that the children were making 
progress between pre-intervention and post-intervention; however, there was no 
evidence to suggest that the improvements differed across the methods of intervention. 
See Figure 4.3 for a graphical representation of these findings. 
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Finally, the analysis of variance for spelling revealed there was a significant difference 
between the four groups (F(3, 12) = 6.58, p<.05), a significant main effect of time 
(F(l,12) = 9.01, p<.05) and a significant interaction effect between the groups and time 
(F(3,12 = 3.70, p<.05). These findings suggest that there was evidence for the children 
making progress between pre-intervention and post-intervention and that these 
improvements differed across the methods of intervention. However, inspection of 
Figure 4.4 suggests that none of the phonemic awareness intervention groups showed 
much in the way of improvements between pre- and post-intervention tests, rather the 
main gains were found amongst the control group. 
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Figure 4.4 Study R1. Pre-intervention and post-intervention spelling 
The lack of evidence for differential gains in literacy amongst the intervention groups, 
particularly those given phonemic awareness training, led to an investigation of what 
might be predicting word reading gains amongst these children. Previous work has 
suggested that initial phonological awareness skills n1ay be an indicator of treatment 
resistance (see above). In Section 2 of this thesis, results indicated that measures of 
170 
rapid naming could predict future literacy amongst a similar cohort of children to those 
used in the present intervention study. Therefore, pre-intervention measures of 
phonological awareness and rapid naming, as well as measures of non-verbal ability and 
vocabulary, were correlated with gains in reading accuracy to identify which might 
predict improvements amongst these children, that is the difference between pre- and 
post test accuracy measures was used to evaluate any improvement which might have 
been the consequence of intervention. These potential predictor vatiables were also 
contrasted with the level of prediction afforded by pre-intervention scores in the tasks 
were gains were taken as outcome measures. To reduce the number of analyses 
performed, only the key skill of reading accuracy was considered for present purposes, 
although accuracy in single word reading and text reading were both analysed. 
The results of these conelational analyses can be found in Table 4.3. These results 
indicate that improvements in single word reading and prose reading accuracy were 
related to the ability to rapidly name line drawings of familiar objects at the pre-
intervention phase. Those children who are able to execute the rapid automatised 
naming task faster than their peers made more progress in single word reading and prose 
reading accuracy. This measure of rapid naming seems to predict future word reading 
attainment levels in this cohort of children. None of the other measures were 
significantly related to the gains shown amongst the children, although prose reading 
accuracy was somewhat related to all measures except the phonological awareness task. 
The rapid naming task seems a better predictor of word reading gains amongst these 
children than the phonological awareness measure. It may also be better than 
verbal/non-verbal ability and initial literacy attainment. 
171 
Table 4.3 Study R1. Con-elations showing predictors of improvement in single word 
reading and prose reading over time 
Improvement Phonological Phonological Rapid Naming Non-verbal IQ Verbal IQ Time 1 Result 
discrimination awareness (Pictures) (Raven's CPM) (BPVS) 
(Rhyme 
detection) 
Single word 0.06 0.04 -0.52* 0.26 0.17 0.08 
reading 
Prose reading 0.02 0.03 -0.59* 0.30 0.47 0.36 
accuracy 
* correlation is significant at the 0.05 level (2-tailed) 
4.2.4 Discussion 
The results of this study indicated evidence of improven1ents in literacy across the period 
of intervention; however, these gains were not related to one programme of intervention. 
The results, therefore, provide little support for the view that training in phoneme 
awareness would produce greater increases in literacy skills amongst children at risk of 
dyslexia than altetnative ｭ･ｴｾｯ､ｳ＠ that do not emphasis sound units smaller than the 
whole word. In none of the measures of gains in literacy did any of the commercially 
available programmes out-perfotm a programme that simply increased literacy activities 
and that did not focus on phonemic tasks. 
The aim of this study was to investigate the differential ability of three intervention 
methods to improve single word reading and prose reading accuracy and comprehension 
among young children who had been refen-ed by their teachers because of concern over 
their slow acquisition of the skills needed to develop their reading ability. Evidence 
from previous intervention studies has suggested that it is reading, or reading related 
activities, with phonological awareness training in combination, which proved the most 
efficacious in remediating difficulties and ensuring that the children undergoing 
intervention made the most progress (Ball & Blachman, 1988, 1991; Bradley & Bryant 
1983; Cunningham, 1990; Hatcher et al., 1994; Reid-Lyon & Chhabra, 2004; Torgesen, 
2002a, 2002b; Torgesen, Wagner, Rashotte, Rose, Lindamood, Conway & Garvan, 
1999; Wagner, Torgesen, Rashotte, Hecht, Barker, Burgess, Donahue & Gavan, 1997). 
The rationale behind this present study was that if different programmes of intervention 
offered both of these components then they should show significant improvements over 
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alternative methods. A range of different commercially available programmes was used 
in case one programme proved inappropriate with the cohort tested. However, analysis 
of the results revealed that none of the programmes proved effective when compared 
with the control group. All of the children made similar gains. This may suggest that it 
is not so n1uch the n1ethod of intervention that was important for this cohm1 as the actual 
provision of some remedial help. The results appear to point to the fact that it is not so 
easy to pinpoint the precise programme of support needed to deal with children's range 
of difficulties that account for lack of reading development even after so many years of 
research. Certainly this study suggests that children with reading difficulties are not easy 
to remediate, the level of improvement was not great. This seems to confitm the 
findings of other researchers that remediating difficulties in so_me children is not an easy 
task and there is still some way to go in order to understand what is actually required in 
order to do so (Brown & Felton, 1990; Foonnan eta!., 1998; Torgesen et al., 1997; 
Torgesen et al., 1999). The finding that the measure of rapid naming was a reliable 
predictor of gains amongst these children may infotm this process of understanding. It 
may be, as some researchers have suggested (see Sections 1 and 2), that there are 
dyslexic children with literacy problems that are not the results of poor phonological 
awareness skills. Rather these children may be snuggling in literacy due to an 
underlying deficit related to processes involved in the rapid naming of familiar stimuli. 
If the phonological aspects of this task are not the cause, then altetnatives need to be 
investigated. The following study, therefore, considers whether the speed of processing 
aspects of the rapid naming task is the underlying cause of difficulties amongst these 
children. 
4.3 StudyR2 
4.3 .1 Introduction 
As outlined in Study R1 the predominant causal theory of dyslexia, the phonological 
core deficit, has given rise to a number of training studies, which have focused on the 
remediation of phonological skills in order to improve reading ability (Ball & Blachman, 
1991; Bradley & Bryant, 1985; Cunningham, 1990; Lundberg et al., 1988; Hatcher et 
al., 1994). Although Lundberg et al. (1988) taught phonemic awareness to groups of 
kindergarten children before fotmal reading instruction, which they argued influenced 
later reading ability, others have argued that it is linking phonological training with 
reading related activities (e.g. the 'phonological linkage hypothesis' proposed by 
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Hatcher et al., 1994) that is the key to effective intervention with children struggling 
with literacy acquisition. The results from Study Rl provided no support for this 
assertion, with none of the linkage interventions showing better improvement than those 
found amongst the control group. Therefore it was the aim of Study R2 to investigate 
altetnative underlying deficits related to rapid automatised naming as a possible area for 
remediation. 
In contrast to this view that rapid naming should be considered as separate from a 
phonological deficit Wagner and Torgesen (1987) argue that retrieval of information 
fi·om long-term memory requires verbal labelling of the stimuli and therefore this task is 
in fact phonological in nature. Torgesen, Wagner, Rashotte, Burgess and Hecht (1997) 
reaffirm this view in a longitudinal-correlational design stating that there is sufficient 
face and predictive validity for rapid naming tasks as phonological measures to include 
them in the 'phonological family', at least until further evidence to the contrary is 
available. Snowling, van Wagtendonk and Stafford (1988) suggest fi:om their findings 
that a rapid naming problem is not one of access to inf01mation under time constraints 
but is attributable to either 'faulty' or 'impoverished' phonological representations of 
words, that is learning the constituent phonological sttuctures of words, a direct result of 
leatning mappings between speech input and speech output. 
However, Blachman (1984) offers evidence to suppmi the fact that phonological tasks, 
such as segmentation and rhyming, and rapid automatised naming tasks, for example 
objects, colours and letters, were found to tap different components of linguistic 
processing in both kindergarten and first grade children. It was, in fact, children's ability 
on a speed of letter naming task that was predictive of their reading ability at the end of 
first grade. Overall findings from research suggest that it is not accuracy but rather 
speed, which differentiates dyslexics fi·onl other learners. 
Wolf, Goldberg, Gidney, Lovett, Chino, Morris, and Robin (2002) investigated the 
independence of phonological and naming speed deficits in144 severely impaired 
readers and found evidence for classifying these as follows: 19% had a phonological 
deficit; 15% a rapid nan1ing speed deficit only; 60% had a double deficit; the remaining 
6% were unclassified. They suggest that these findings have implications for diagnosis 
and intervention. However, Catts, Gillispie, Leonard, Kail and Miller (2002) argue that 
the deficit found in rapid automatised naming of objects is in part a reflection of a 
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general deficit in speed of processing, and although this explains unique variance in 
reading achievement it may be an 'extraphonological' factor is some reading disabilities. 
They are not the only researchers who believe that the difficulties dyslexics experience is 
part of an overall speed of processing problem rather than reading specific (Ackem1an & 
Dykman, 1996; Fawcett & Nicolson, 1990, 1994). 
Denckla and Rudel's work highlighted the fact that dyslexics do have difficulties in 
learning to read fluently. Even when dyslexic children were matched with younger 
reading age children there exists evidence that dyslexics require more time to perceive a 
word when it is presented for very brief periods (Denckla & Rudel, 1974, 1976). It 
appears to be a problem with performing the task automatically. This interest in 
automaticity, the ability to perform complex skills with minimal attention and conscious 
effort, has grown in recent years with a number of researchers seeking to link the 
concept to some of the difficulties that dyslexics have in acquiring reading skills 
comparative to their non-dyslexic peers. As early as 1974 La Berge and Samuels applied 
the concept to the lexical domain, characterising automaticity as the ability to read words 
accurately and at speed. Samuels and Flor (1997) argue that automaticity is essential at 
the sub-skill level ofword reading if the ultimate goal, that is the higher order skill of 
comprehending text, is to be achieved. 
Nicolson and Fawcett (1990, 1995, 1999) argue that acquisition of any skill should be 
viewed within a general acquisition framework as reduced performance may be seen in 
tasks that do not comptise a phonological eletnent. Their research findings lend some 
support to the existence of both a phonological deficit and a speed of processing deficit. 
They classify the speed of processing deficit as the Dyslexic Automatisation Deficit, a 
general deficit in being able to reach a level of auton1aticity in any skill. They argue that 
dyslexics 'mask' their difficulties by working harder and finding strategies to 
compensate, the Conscious Compensation hypothesis. This may well reflect the same 
argument that Yap and van der Leij make when they talk of dyslexics using atypical 
processes in order to read. (Yap & van der Leij, 1994). 
In a series of longitudinal, cross-sectional and instructional studies Yap ｡ｾ､＠ van der Leij 
(1994) investigated how accurately dyslexics could perfotm on word and pseudoword 
reading in speeded and unspeeded reading tasks, the developn1ent of word reading 
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automaticity and the outcome of training in reading automaticity. They concluded from 
the first of these studies that dyslexics, when matched with reading age controls, were 
susceptible to time constraints even at the simplest level of word analysis suggesting a 
deficit in single word processing. Yap and van der Leij suggest fi·om these findings on 
discrete word presentation that the dyslexics rely on atypical processes when faced with 
continuous reading tasks. The results ofthe work ofNation and Snowling (1998, 1999) 
cetiainly suggest that dyslexics may rely more heavily on context than their peers, which 
may be consistent with the idea of atypical text processing. In their second study, Yap 
and van der Leij (1994) postulated that the slow acquisition of reading development in 
dyslexics might be due to 'an atypical rate of acquisition of specific cognitive processes' 
(p.86). They investigated this possibility by exploring the accuracy and rate of word 
processing at increasing levels of phonological and otihographic complexity. Due to the 
regularity of the Dutch language phonological complexity was achieved by having two 
or three consonants at the beginning of each word, orthographic complexity by including 
polysyllabic words. The results :fi·on1 this study indicated that reading development of 
dyslexics was much slower, indicated by the fact that they took twice as much time as 
reading age controls to reach equivalent scores in reading continuous words. Yap and 
van der Leij assert fi·om these findings that the dyslexics have underlying atypical 
processes that hinder reading development for three reasons. Progress for dyslexics is 
significantly slower in timed conditions but not untimed, with only 25% of them able to 
process words presented for 100 ms against a 60% success rate for normal readers. In 
comparison to their reading age controls there was a progressive effect on shm1ening the 
presentation time. In addition the phonological complexity had a marked effect on the 
dyslexics' performance lending support to a deficit in phonological processing. Lastly, 
in suppoti ofYap and van der Leij's claim of atypical processing they found a 
significant amount of variance explained by vocabulary IQ scores suggesting a reliance 
on semantic knowledge in their reading. In conclusion they highlight the slow 
acquisition of automatic skills and the slowness with which dyslexics acquire knowledge 
of the phonological properties ofwords. 
In the last of their three studies Yap and van der Leij provided intensive computerised 
training in reading automaticity. Their previous two studies provided evidence for the 
impairment that dyslexics show at making fast grapheme-phoneme conespondences at 
the sub-lexical level. Training was given on both speeded and unspeeded continuous 
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and discrete reading tasks, which showed an improvement in reading performance in 
both these tasks for dyslexics, suggesting that it is possible to remediate speed of 
processing. It is clear that phonological deficits are implicated in the difficulties that 
dyslexics have in acquiring automatic reading skills but it also lends further support to 
the hypothesis that rapid naming may constitute an additional deficit based on the 
finding that the dyslexics in all of these studies are employing atypical processes. 
The importance of this work by Yap and van der Leij (1994) highlights the need to 
consider the type of intervention offered, especially one which goes beyond attempting 
to remediate phonological difficulties alone. It has already been noted that there are 
'treatment resisters' who fail to respond to phonological awareness training (Torgesen, 
2001; Torgesen, Wagner and Rashotte, 1997). Therefore it was the aim of Study R2 to 
work with 24 dyslexic boys, aged 8 to 11 years, who had previously received intensive 
intervention in attempting to remediate their reading difficulties through the 
phonological route. Single word reading was used as the literacy attainment measures in 
the pre-intervention and post-intervention phase. Nonword reading tasks are known to 
provide a useful way for assessing phonological skills as they rely on the individual 
being able to utilise knowledge of grapheme-phoneme conespondence tules in order to 
decode the letter strings that are not real words. Research indicates that dyslexics have a 
specific difficulty with this task, pointing to evidence that they have a phonological 
deficit (Rack, Snowling & Olson, 1992). The rationale for including an otihographic 
choice task, one where the individual has to choose the correct response from a real word 
and a pseudo homophone, was that it is believed that this type of discritnination measures 
something distinct fi:om phonological decoding skills through lexical access to the 
otihographic representation of a word. Hence it is believed to provide a further measure 
of one of the underlying skills required to achieve automaticity in reading. Two separate 
measures of rapid naming were included, an alphanumeric measure of digits and a non-
alphanumeric measure of pictures. The rationale for using these two measures follows 
that given by Wilson and Cline (1995) that these two complement each other given the 
age range of the pat1icipants in Study R2. Different stimuli have been used across a 
range of studies so it was felt impot1ant to incorporate both, as these are relatively quick 
to administer. 
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Study R2 attempts to evaluate the ability of a specially designed computedsed 
progratnme to improve speed of processing, as measured by two rapid automatised 
naming tasks, an alphanumeric measure of digits, and a non-graphical measure of picture 
naming. It was also concetned with evaluating the impact that any improvement in 
speed of processing would have on literacy, phonological and orthographic processing. 
All of the boys chosen for the study demonstrated a level of under achievement in 
reading skills using the IQ discrepancy based criterion. The study consisted of two 
experimental grqups, who received computerised training of either a pali-word (sounds 
within words) or whole word approach. A control group received reading practice not 
involving speeded processing. Training was carried out on an individual basis over a 3-
week period, with two sessions per week. 
4.3 .2 Method 
4.3.2.1 Paliicipants 
Twenty four dyslexic boys attending an independent school in the South-East of England 
that caters for dyslexic pupils patticipated in the study. The ages ranged from 8 years 3 
months to 11 years 6 months, (mean age 9 years 11 months, SD = 1.03). Parental 
permission was obtained before participation in the study, which was conducted in a 
special needs unit of the school away fi.·om normal classroom activity. 
The initial selection stage of the work took all 31 boys in the school who had been 
assessed and identified as dyslexic by an educational psychologist. The full-scale IQ 
score of each boy was obtained from the educational psychologists' reports. The 
Wechsler Intelligence Scale for Children- III (WISC-IIIUK; Wechsler, 1992) was used in 
each repoli. Expected reading age was calculated using these IQ score and the boy's 
chronological age. In order to confitm underachievement in reading, the Nelson Graded 
Word Reading Test (1992) was administered to all31 boys. This presents the child with 
a list of 50 individual words, graded in order of difficulty, without contextual cues. Raw 
scores were conve1ted into standardised reading ages based on the procedure outlined in 
the manual. These procedures gave an indication of the discrepancy between expected 
level of reading attainment and actual level of reading attainn1ent. Based on this, 7 boys 
who did not show a discrepancy between expected and actual reading levels were 
excluded from the study. 
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The 24 remaining boys were assigned to one of the three groups: experimental group A, 
part word approach; experimental group B, whole word approach; and a control group 
who received reading practice. Groups were assigned to one of three intervention 
conditions. In Groups A and B, the boys took part in a computetised training 
programme. Intervention for Group A consisted of processing 'sounds within words' 
training, whilst Group B was required to process whole words. Boys allocated to Group 
C completed a non-training reading comprehension task. Allocation of boys to one of 
the three groups was based on scores from the Nelson Graded Word Reading test (1992) 
and the Neale Analysis of Reading Ability (Fotm 2) accuracy score, together with 
consideration of their chronological age. The Nelson Graded Word Reading test is 
explained above. The Neale Analysis of Reading Ability comprises measures of word 
reading accuracy, comprehension and rate of reading. In the test, the child is required to 
read aloud a series of passages that increase in complexity. Accuracy is based on the 
number of reading etTors made in each passage. Each passage has an accompanying set 
of comprehension questions that the child answers and each passage is timed, using a 
stopwatch, in order to assess the rate of reading. Testing continues until the individual 
makes the maximum number of accuracy etTors on any given passage. The test allows 
for prmnpting by the assessor after a brief period if the child fails to attempt a word to 
ensure reading comprehension. Raw scores were collected on accuracy, comprehension 
and rate of reading. As a result of the first intervention study, Study Rl, and the 
consideration that the lack of significant findings for any one remediation programn1e 
might have been attributable to significant differences in the groups at the outset, more 
careful group allocation for Study R2 pat1icipants necessitated making a decision about 
which variables to use in this selection process. It did not prove possible to use 
comprehension and rate of reading for purposes of allocation to conditions so only the 
accuracy scores were used. 
Allocation to groups ensured that chronological age and reading age as assessed by a 
single word and prose reading were comparable across the groups see Table 4.4 for the 
results of these procedures. Analyses of variance confhmed that there were no 
significant differences between the groups on any of these measures (p<.05 in each 
case). 
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Table 4.4 Study R2. Means and Standard Deviations for the preliminary measures 
Condition Cbronological Reading Age Reading Age (Neale 
Age (Nelson) Accuracy Score) 
Mean SD Mean SD Mean SD 
A 9.84 0.99 9.12 1.93 8.86 1.32 
B 10.08 1.06 9.47 1.60 9.24 1.64 
c 9.88 1.16 9.47 1.36 9.53 1.54 
4.3.2.2 Materials and Procedure 
Following assignment to conditions, the study comprised three stages: a pre- intervention 
phase the week prior to the intervention training, a three week intervention phase and a 
post-intervention phase the week immediately following training. 
In the pre- and post-intervention phases, the children were tested on five tasks that 
assessed reading and nonword reading ability, rapid naming of objects and digits and the 
ability to recognise real letter sequences based on their ot1hographic features. All the 
boys were tested individually in a quiet room away from distractions. This screening 
procedure took place in the special needs unit attached to the school. The pre-
intervention measures provided a baseline assessment of skills prior to the intervention. 
The post-intervention screening was used to indicate gains in the skills assessed by the 
measures. Where parallel fmms of tests were available, one fmm was used in the pre-
intervention phase and the other was used in the post-intervention phase. Where parallel 
fmms were not available, the same test was repeated. 
Reading was assessed by the Wide Range Achievement Test 3 (WRAT; Jastak & 
Wilkinson, 1993). This comprises two pat1s. The first part required the identification of 
15 letters of the alphabet. The second part is single word reading test of 42 words, 
ordered in level of difficulty. Testing was stopped once the child had made 5 
consecutive errors. Scores from both pal1s were added together and recorded as a raw 
score out of a maximum of 57. The alternative fotm of the WRA T reading test was used 
in the post-test phase. 
The Graded Nonword Reading Test (Snowling, Stothard & McCLean, 1996) was used as 
a measure of decoding skills. The test consisted of a total of 20 novel pronounceable 
letter strings that the child was required to read using appropriate letter-sound conversion 
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rules. Manual guidance was used to classify responses as correct or incorrect, with the 
total number ofnonwords pronounced correctly being used as the score for this test. 
The pictures and digits naming speeds tasks from the Phonological Assessment Battery 
(PhAB; Frederickson, Frith & Reason, 1997) were used to assess rapid naming. The 
objects in the picture-naming task were a ball, a door, a hat, a table and a box. A short 
practice item presenting these five objects preceded the two picture-naming n·ials, in 
order to familiarise the child with the procedure. In each of the timed tlials a man·ix of 
10 x 5 randomly arranged pictures were presented to the pat1icipant who was asked to 
name stimuli as rapidly as possible. The child was instlucted when to start, with the time 
being recorded in milliseconds when they had named all the items. They were requested 
to work :fi.·om left to right, and they were given advice that they were allowed to make 
corrections if mistakes were n1ade but had to proceed as quickly as possible thereafter. 
There was a 30-second delay between n·ial 1 and n·ial 2. The titne taken for each tlial 
was then added together to give a composite time score. 
In the digit nan1ing task the san1e procedure was followed but the presentation differed. 
A practice trial preceded the two test trials in order to familiarise the child with the 
procedure. In the practice trial, five digits were presented in random order in a single 
line. In each test trial, 50 randomly selected digits, grouped into blocks of five, with 
spacing between each block, were presented as a continuous line. There was a 30-
second delay between presentation of each test trial. The child was given the instluction 
to start, asked to name the digits as quickly as possible from left to right without 
stopping between groups, and advised that corrections were allowed but to proceed as 
quickly as possible if any were made. The time taken to name the digits in each of the 
two digit naming tlials was recorded and then added together to give a cmnposite time 
score. 
An otthographic choice task was devised, based on those used by Olsen, Kliegel, 
Davidson and Foltz (1985) and Zabell and Everatt (2002). A total of26 pairs of letter 
stlings were presented on a single sheet (Appendix 4). One of each pair was a conectly 
spelled word, whereas the other item in each pair was a pseudohomophone of the same 
word, that is a nonword that if pronounced conectly would sound the same as the real 
word; for example, one of the pairs in the task might be 'monk munk'. The child was 
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required to put a circle around the word that they believed was spelled correctly. The 
number of conect choices was recorded. A parallel set of words was used in the post-
test phase (Appendix 5). 
The intervention phase consisted of three different conditions, each conesponding to one 
of the groups of children. Groups A (sounds within words) and B (whole words) were 
given computer-based exercises to perform. Group C (controls) were given a series of 
comprehension exercises (Appendices 6 & 7). Each of the groups undetwent 6 tr·aining 
sessions over a three-week period, with the timing of each ensuring that the tr·aining did 
not take place on consecutive days. Each group experienced only one type of exercise 
across all of their training sessions. Training was conducted in a quiet room away from 
normal classes. 
Computer-based tr·aining involved a PC and colour monitor, with keyboard and printer 
port suitable for the requirements of theE-Prime experiment generating software 
(Schneider, Eschman & Zucco lotto, 2002). The programmes used for tr·aining were 
specially written for each group. 
The participant was presented with an instruction page, which the researcher went 
through to ensure understanding of the procedure. On the con1puter monitor a sequence 
of a fixation cross, then a target word, and finally a mask was followed (see Figure 4.5). 
Trial 1 incorporated 3 practice blocks of 10 target words, with feedback, followed by 5 
blocks of 10 randomly presented target words. In trials 2 to 6 there was 1 practice block 
of 10 target words followed by 5 blocks of 10 randomly present target words. At the end 
of each block there was a brief pause and a screen repeated instructions before the next 
block. 
+ word 
******* 
Figure 4.5 Study R2. The presentation of a fixation cross, word and mask on the 
computer screen 
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The fixation cross '+' which appeared at the outset of each block was horizontally, 
vertically aligned on a white background, in point size 50, font Times New Roman. The 
duration of the fixation throughout the experin1ent was 1000 ms. Following the 
disappearance of the fixation cross, a target word was presented, again aligned 
horizontally, vettically and centrally, in the same size and font as the fixation cross. In 
each trial, the presentation time of the target word became increasingly shorter across the 
five test blocks; that is in block 1 targets were presented for 1000 ms, in block 2 targets 
were presented for 750 ms, in block 3 targets were presented for 500 ms, in block 4 
targets were presented for 250 ms and in block 5 targets were presented for 100 ms. The 
same fotmat was used across all 6 trials. The mask consisted of seven black asterisks, 
based on the length of the longest word, in bold on a white background, again aligned 
identically as the fixation cross and target word. However, sizes of these asterisks were 
increased to point size 100 and font style Times New Roman to ensure the size 
conesponded to both the fixation cross and the target word. The mask was set to the 
longest word in the experiment and was larger than the any target word to ensure 
coverage of the whole word display area. The duration of the mask was set to 500 ms 
for the whole of the experiment. 
The computer was programmed to accept responses fi:om two of the numerical keys at 
the top of the keyboard above the alphabetic letters. The numerical key '1' was used for 
a 'yes' response. The numerical key '9' was used for a 'no' response. These two keys 
were considered far enough apa11 to minimise left-right confusion (Miles & Miles, 
2001). The two keys were marked with a green and a red sticker for positive and 
negative responses respectively. 
Each patticipant was placed in front of the computer monitor and the experimenter 
explained the procedure. Visual instructions on the screen instlucted the child to press 
the green key for a 'yes' response and the red key for a 'no' response. The experimenter 
checked that the instructions had been understood. The participant faced the screen and 
was asked to listen carefully to the word/sound spoken by the experimenter. The 
sequence of fixation cross, target word and mask would follow. If the target contained 
the word/sound then the patticipant was required to press the green key to signify a 'yes' 
response. If the target did not contain the word/sound then the pat1icipant was required 
to press the red key to signify a 'no' response. Each n·ial comprised 5 targets containing 
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the word/sound, and 5 that did not. At the end of each block the programme paused 
b1iefly, the pa11icipant was asked to remove his hands from the keyboard prior to the 
commencement of the next block. Computer feedback was given during the practice 
blocks. The computer was programmed to respond to both conect and inconect 
responses during the stage, with either 'Well Done' or 'Bad Luck!' respectively. No 
feedback was given during the experimental blocks. Response times and accuracy data 
were recorded by E-Prime. 
Groups A and B experienced the same procedure and stimuli except that different tasks 
and target stimuli were used for the two groups. Children in Group A were told to look 
for a sound within the ten target words presented. All target words were different in 
each block for this group, with the sound to be responded to occurring at the beginning, 
in the middle or at the end of a target word. Where the target sound occulTed within the 
target word was randomly ordered throughout each block. In comparison, children in 
Group B were required to look for a target word in the block often words presented. For 
this task, half the targets within a block were the same word. Different words were used 
for the other 5 targets in a block so that there were only 5 repetitions of the same work 
within each block. 
The words used to make up the targets were taken fi·om List 2 of the national cuniculum 
(Department for Education and Employment, National Literacy Strategy 2001 ). These 
compdsed medium frequency words to be taught through years 4 and 5. The words 
within each block were matched, as closely as possible, for word length and syllable 
number. 
Group C did not take part in the computer-based training. Instead, each participant was 
given reading-age approp1iate comprehension passages over the same 3-week period as 
the computer-based intervention. Du1ing each training session, Group C children were 
presented with a short passage of text on one side of the sheet. The child was instructed 
to read the passage quietly and, on completion, to tum over the page and answer the ten 
comprehension questions found on the reverse side. Questions were answered by simple 
'yes' or 'no' responses. The child was not allowed to re-read the passage once the page 
had been tu1ned. When all the questions related to the passage were answered, the child 
had completed that training session. The results of the task were not analysed." The six 
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comprehension passages and questions used over the six training sessions were taken 
fo1m the Visagraph Test Booklet (Taylor, Moni.s and White, 1994). The comprehension 
exercises were chosen to correspond to the appropti.ate reading age of the participants, 
after seeking advice from the English department in the school. The rationale for this 
was to ensure that the control group did not spend a disproportionate amount of time on 
the task compared with the expeti.mental groups. ,, 
4.3.3 Results 
The results will be analysed in two parts. In the first instance, the data were analysed to 
investigate whether the training programme had the effect of improving the speed of 
processing of the participants; in the second seti.es of analyses, pre-test and post-test 
measures were investigated to assess any improvement in literacy-related skills. In Part 
1 only the data from Groups A and B will be considered. In Part 2 the data fron1 all 
three groups will be used. 
4.3.3.1 Part 1 
The aims of these analyses were to identify how fast the child could accurately process 
the target items and to dete1mine whether this improved over the period of intervention. 
TheE-Prime software recorded the number of conect responses each individual made 
during the training conditions. Each trial contained 5 blocks of 10 words. It was 
assumed that 5 colTect responses out of 1 0 indicated that the child was perfmming at 
chance level, that is the score they could have achieved by guessing. Therefore, a child's 
score for each trail was the target word duration (ms) at which each child had performed 
at chance level, in each trial. For example, if in trial1, the child got 7 out of 10 targets 
correct in block 1 but 5 out of 10 targets correct in block 2, then their score for trial 1 
would be lOOOms, the speed of presentation of targets in block 1. Scoring continued in 
this way, dete1mining the block where chance performance was reached and giving the 
target presentation time of the previous block for ｾ｡｣ｨ＠ child in each trial. Descriptive 
statistics for the groups and trials are provided in Table 4.5. 
185 
Table 4.5 Study R2. Mean chance level scores and standard deviations for trials 1 - 6 
Group A 'sounds within words' Group B 'whole words' 
Mean SD Mean SD 
Trial1 750.00 0.00 625.00 133.63 
Trial2 562.50 115.73 562.50 178.78 
Tria13 368.75 286.97 243.75 123.75 
Tria14 256.25 165.70 187.50 143.30 
TrialS 206.25 139.99 243.75 123.75 
Trial6 237.50 174.75 168.75 143.77 
To measure any improvement in speed of processing, a 6 x 2 (trials x group) mixed 
analysis of variance was performed. This incorporated a between subjects factor (Group 
A versus Group B) and a within subjects factor (the 6 training sessions). This indicated 
a highly significant effect of training session (F(5,10) = 46.69, p<.Ol). This effect can be 
seen in Figure 4.6, which den1onstrates the improvements in speed of processing over 
the course of the training period. The lack of a significant interaction effect in the 
analysis (F(1,14) = 1.59, p = 0.23) suggests that there is little evidence for differences 
between conditions A and Bin terms of this speed of processing improvement. 
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Figure 4.6 Study R2. Reaction time differences between condition A and Condition B, 
trials 1 to 6 
The evidence fi:om the analysis suggests that the participants in each group speeded up 
between trials 1 to tdal 4, at which point the levelling out suggests that neither group 
was able to improve further their processing speed. Paired samples t tests confirmed this 
I 
observation. Differences were found between trial 1 and trial 2 (t = 3.16, p = 0.01), 
between trial2 and ttial3 (t = 4.47, p = 0.00) and between ttial3 and trial4 (t = 3.23, p 
= 0.01); however, there was no evidence of a difference between trial4 and ｾｩ｡ｬＵ＠ (t =-
0.07, p = 0.95) and between trial 5 and ttial 6 (t = 0.45, p = 0.66). These findings 
suggest that the participants reached a maximum perfonnance speed at trial 4 of 
approximately 250 ms. 
4.3 .2.2 Part 2 
In the second part of the analyses conducted on the results from the intervention study 
the aim was to investigate whether increases in speed of processing found dudng the 
intervention sessions led to improvements in the rapid automatised naming tasks and/or 
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the reading; nonword reading and orthographic choice tasks. Pre-intervention and post-
intervention scores were used in the analyses (see summary results for these measures in 
Table 4.4). For each measure with pre- and post-intervention scores, a mixed design 
analysis of variance was perfotmed. In each, the between subjects factor was the three 
groups (A, B and C) and the repeated measures factor was the pre- versus post-
intervention scores. 
Table 4.6 Study R2 Means and standard deviations for pre-intervention and post-
intervention measures 
Group A GroupB Groupe 
Task Pre-test Post-test Pre-test Post-test Pre-test Post-test 
Mean SD Mean SD Mean SD Mean SD Mean SD Mean 
Rapid naming 98.25 12.78 91.75 11.84 90.13 13.74 85.50 9.27 93.87 15.25 91.63 (pictures) 
Rapid naming (digits) 63.13 16.55 54.75 8.58 56.75 10.78 52.00 7.62 51.88 13.57 45.88 
WRA Treading 32.38 5.98 33.25 5.20 32.00 2.93 32.38 1.97 31.38 3.89 33.50 
Nonword reading 8.88 4.39 11.88 4.73 9.63 5.10 12.75 3.11 9.63 4.90 11.75 
01thographic choice 19.75 2.19 20.38 4.78 20.25 2.77 20.13 3.18 19.13 2.23 21.37 
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SD 
20.31 
10.78 
4.04 
4.82 
3.16 
The analysis of variance for rapid naming of pictures revealed a non-significant 
difference between the three groups (F(2, 21) = 0.61, p =.55), but a significant main 
effect of time (F(l, 21) = 4.65, p<.OS). The latter effect indicates that the pa1ticipants 
improved their rapid automatised naming of pictures between pre-intervention and post-
intervention. However, there was non-significant interaction between groups and time 
(F(2,21) = 0.34, p = .71). There was no evidence from this analysis to indicate that 
improvements differed across the methods of intervention (see Figure 4.7). 
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Figure 4.7 Study R2. Pre-intervention and post-intervention rapid auton1atised naming 
(pictures) 
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The analysis of valiance for rapid naming of digits produced a non-significant effect of 
group (F(2,21) = 1.61, p = 0.22). However, there was a significant main effect of time 
(F(1,21) = 22.52, p<.Ol) den1onstrating an improvement in performance between pre-
intervention and post-intervention but non-significant interaction between group and 
time (F(2,21) = 0.63, p = 0.54). There was no evidence in these data that improvements 
differed across the methods of intervention (see Figure 4.8). 
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The analysis of variance for reading indicated a non-significant difference across the 
three groups (F(2,21) = 05, p = 0.92), but a main effect of time that was close to 
significance at the .05 level (F(1,21 = 4.05, p = 0.057). Again, the interaction between 
groups and time proved to be non significant (F(2,21 = 0.87, p = 0.44). The results 
provided no evidence to conclude differential improvements in reading across the 
different methods of intervention (see Figure 4.9). 
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Figure 4.9 Study R2. Pre-intervention and post-intervention single word reading 
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The analysis of variance an1ongst nonword reading scores indicated a non-significant 
effect of group (F(2,21) = 0.78, p = 0.93), but a significant main effect of time (F(1,21) = 
14.67, p<.Ol). The interaction between the groups and time was non-significant (F(2,12) 
= 0.19, p = 0.83). Again, no evidence was found for improvements in nonword reading 
being related to the method of intervention (see Figure 4.10). 
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The final analysis of variance conducted on the orthographic choice scores produced 
non-significant effects of group F(2,21) = 0.01, p = .99) and time (F (1,21) = 2.07, p = 
0.17), as well as a non-significant interaction (F(2,21) = 1.21, p = 0.32). As in previous 
analyses, there was no evidence for differential improvements between the intervention 
methods (see Figure 4.11). 
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Figure 4.11 Study R2. Pre-intervention and post-intervention orthographic choice 
4.3.4 Discussion 
One of the main aims of the study was to investigate how fast dyslexic boys could 
accurately process words based on a discrete presentation fotmat and to determine 
whether this in1proved over the period of intervention. In addition, the second aim (Part 
2 of the analyses) investigated whether there was any evident increases in speed of 
processing found duting the intervention period which would lead to hnprovements in 
the rapid automatised nan1ing tasks and/or reading, nonword reading and orthographic 
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choice tasks. The results of Part 1 of this study indicated evidence that participants in 
the two intervention groups speeded up over trials 1 to 4, after which levelling out 
occurred which suggests that neither group was able to improve their performance 
fi.niher (see Figure 4.6). In other words, increasing the length of the intervention period 
would not have had an effect on speed of processing of these patiicipants; they appeared 
to have reached their optimum processing speed for this type of task. However, results 
from Part 2 of the study indicated evidence that all the participants demonstrated an 
improvement in rapid naming of pictures, digits, and nonword reading, an improvement 
close to significance on word reading, but not on the mihographic choice task, across the 
intervention period. There was no evidence to conclude differential improvements in 
any of the tasks when comparing methods of intervention; in essence the computetised 
programmes used in this study were no more effective that Group C's comprehension 
tasks 
Although improvements in speed of response were found across the intervention 
sessions amongst these dyslexics, it is still possible that they were not performing at a 
level that non-dyslexics may perform such tasks. The lack of a control group in this 
study means such conclusions will require ftniher work; however, the findings of Yap 
and van der Leij (1994) may support this possibility. They found that as few as 25% of 
the dyslexic population were able to process words presented for 1 OOn1s against 60% of 
nmmal readers. It may be that even after intervention, dyslexics can be identified by 
slow processing speeds. 
The three types of training were very different in their approach to the reading task. 
Group A were being asked to process at the sub-lexical level of a single sound within 
each of the words presented, Group B were being asked to process the whole word 
whilst Group C, the controls, had to process continuous prose and engage in higher order 
skills to extract information from the short passages to enable them to answer 
comprehension questions without reference to the text. Group A and Group B 
participants were put under a diminishing amount of time to process the infotmation; in 
contrast Group C were not. However, these different task requirements did not lead to 
differential improvements in literacy-related skills. The evidence that all the groups 
improved between pre- and post-intervention in all but the orthographic choice task 
might be attributable to the normal developmental improvements these individuals 
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would have made anyway without any intervention. Therefore further work in this area 
to investigate speed of processing n1ight include a non-intervention control group. It 
would be interesting to extend the training further if only to investigate whether regular 
reading practice continues to develop fluency, which translates to processing words 
faster and automatically, in fact at a quicker rate than computer training on the sub-
lexical or whole word method. One possible advantage for Group C might have been the 
opportunity to use context to decode words a process that dyslexics are known to utilise 
due their difficulties in dealing with reading at the single word level (Nation & 
Snowling, 1998, 1999). The reading passages were chosen so that the time spent on the 
task was relative to the tin1e spent on the computer intervention with the experimental 
groups, hence careful consideration of reading level was necessaty. 
It has been argued that the critical difference between unskilled and skilled readers is 
that the latter categoty is able to process automatically single words. Automaticity may 
be defined as the fast and effottless execution of processes requiring minimal attention or 
conscious effott (La Berge and Samuels, 1974; Satnuels, 1985). Samuels and Flor 
(1997) argue that automaticity is essential at the sub-skill level of word reading if the 
ultimate goal, that is the higher order skill of comprehension, is to be achieved. 
Accordingly, LaBerge and Samuels (1974) suggest that automaticity in word reading is 
attained when speed of processing reaches an asymptotic level. There is a possibility 
that the dyslexics in this study reached a level of processing which might not be 
comparable with normal readers but in order to investigate performance differences, if 
indeed they exist, there would need to be further intervention studies incorporating 
normal readers as controls, both reading-age matched and chronological age-matched 
children. It may be that only a percentage of all readers reach a ceiling on speed of 
processing, irrespective of whether reading difficulties are present. 
The analysis of valiance on the mthographic choice task provided a different profile of 
results from those reported on the other measures. None of the groups differed 
significantly in their performance, but futthermore neither was there a significant main 
effect of time or a significant interaction effect. This suggests that none of these 
methods of intervention may be able to improve orthographic choice decisions for such a 
cohott. It may be that dyslexics have problems with recognising words orthographically, 
suggesting a limited store of sight vocabulary. This limited sight vocabulaty presents 
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problen1s accessing stored representation fi:om the lexicon. In tasks such as the 
orthographic choice task dyslexics may have to rely on a word's phonological structure 
despite problems the dyslexic may have in constt.ucting such a structure. In terms of the 
difficulties that these dyslexics are presenting, this possibility points to a difficulty with 
storage. Indeed, as Manis, Custodio and Szerzulski (1993) point out, the number and 
range of words that dyslexics can recognise as o11hographic units severely hinders their 
progress on reading fluency. It also has implications for remediation. The reliance on 
poor phonological processing skills due to a lack of stored orthographic units may be 
consistent with the conclusion of Yap and van der Leij (1994) that dyslexics use atypical 
processes when reading. This may have been the key factor in the poor levels of 
improvement across this cohort. 
Yap and van der Leij discuss reading as 'strengthening connections between relevant 
aspects of words' especially between orthographic and phonological units (1994, p.77). 
There is some evidence that the training did have an effect on word reading although the 
analysis of variance failed to reach significance on the single word reading measure it 
came close to significance. This might suggest that the boys did make some progress 
over the period of time but that the reason for this is inconclusive because progress 
might have occulTed anyway without any intervention. Again contt.·ols are needed in 
order to investigate this further. 
In conclusion the aim of the study was to investigate whether it was possible to in1prove 
speed of processing over the intervention period and if so whether this translates to 
improvements in reading-related skills, in areas where performance 1night be poor 
because of speed of processing deficits: that is rapid naming, reading, decoding and 
lexical access. In a surprisingly shot1 time, over just four tt.ials, both the intervention 
groups managed to improve the speed with which they processed 'whole words' or 
'sounds within words' but without any differential improvement in method being 
evident. They reached a processing speed of 250 ms but failed to improve perf01mance 
beyond this. So it might be argued there was some evidence for improving speed of 
processing of grapheme-phoneme correspondences. However, having shown that there 
was evidence for an increase in processing speed following intervention what the study 
failed to demonstrate was any improvement in reading-related skills, as measures by the 
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pre- and post-test intervention measures of rapid naming, reading, nonword and 
orthographic choice. 
4.4 Discussion of remediation studies 
The results from both the intervention studies outlined in this section demonstrate that 
the intervention methods used, even those based on previous research findings, have a 
number of limitations. Whilst it was hoped that Study R1 would provide evidence that 
there was a single commercially available programme of phonological awareness 
training that would remediate literacy difficulties this was not the case. There is no 
previous research in the literature with which to compare the results of this study, rather 
research which has produced positive results have predominantly chosen an individual 
approach and compared phonological training linked with reading activities with other 
methods. However, closer inspection of Study R1, and allocation of children to groups 
based on educational requirements and through discussion with teachers and the special 
needs coordinator did not lead to the groups being equally matched on pre-test skills. 
Clearly, some children were non-readers in Group 1 but then this was also one of the 
reasons that Sound Linkage was chosen for this group. However, allocation based on 
educational requirements was at the time thought to be one way of delivering each of the 
programmes to a group rather than opting for individual tuition. Intervention studies 
with groups requires a much larger number of individuals to be tested if the patticipants 
are to matched on a number of variables. It was also hoped that this might be a cost-
effective way of providing additional support to those snuggling in the early stages of 
literacy acquisition. This was not botne out by the intervention results: although all the 
children made progress it was not possible to draw any conclusions about which 
programme was the most efficacious. Indeed progress n1ight have been made anyway 
inespective of intervention over the time period between pre- and post-intervention. 
This leads to the caveat that group differences in this instance need to be tt·eated 
cautiously. Given the limitations of Study R1 more stringent methods of group 
allocation were applied to Study R2. 
Initial selection of participants was given greater consideration and based on a 
discrepancy between their WISC-IIIUK full-scale IQ scores and expected reading age. In 
order to confirm underachievement in reading, the Nelson Graded Word Reading Test 
(1992) was administered to all31 boys. Allocation ofboys to one of the three groups 
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was based on scores from the Nelson Graded Word Reading test (1992) and the Neale 
Analysis of Reading Ability (Fotm 2) accuracy score, together with consideration of 
their chronological age. This lengthy procedure was undel1aken to rectify some of the 
limitations fi:om Study R1. In this study a carefully controlled comprehension reading 
programme was delivered, and therefore not left to the special needs teacher to 
determine the suppm1 as in Study Rl. It was felt that this greater degree of care in 
selection and allocation to groups was a considerable improvement on the design of the 
previous study. The pre- and post-test measures also incorporated a broader range of 
underlying skills known to be associated with proficient reading. 
As the aim of this study was to assess any improvement that might be gained in speed of 
processing, as measured by two rapid automatised naming tasks rate of reading as a 
variable was not included. The items used in the rapid naming task were familiar and 
did not entail accessing unknown words or their associated phonological representations, 
which rate of reading measure might have done. In addition the rate of reading tnight 
have depended on how much effort a child wants to put into decoding a pat1icular word, 
which n1ight slow the speed of response substantially. It was the intention of this 
intervention study to evaluate the impact that any improvement in speed of processing 
would have on literacy, phonological and ol1hographic processing. 
Both studies had the limitation of not having controls. In Study Rl, although Group 4 
did not have access to the same prescriptive programme of support as the other three 
they still received input from a special needs teacher, something that needs to be 
addressed in future research. Extension of the intervention work in Study R2 would 
need to incorporate controls so that some of the possibilities for the findings, outlined in 
the discussion section of this study, can be investigated ful1her. For example, one area 
might be to investigate whether notmal readers, when compared with dyslexics, require 
less time to reach optimal processing speed. Although the results suggest that dyslexics 
reach an optimal speed of around 250 ms when processing words or pal1s of words no 
conclusions can be drawn between this study and the findings ofYap and van der Leij's 
( 1994) that a much smaller percentage of dyslexics can process at speed of less than 100 
ms when compared with notmal readers. More work, with controls, needs to be 
undertaken. 
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Section 5 
5 General discussion 
The aim of the research undertaken, and reported in this thesis, focuses on the key areas 
of phonological skills and rapid naming skills, which have both generated prolific 
research over the last two to three decades. Both areas of research are driven by 
theoretical explanations of their causal role in dyslexia (see Section 1 for a discussion). 
Whether, as suggested by some researchers, that phonological skills and rapid naming 
skills can indeed be separated into two core deficits remains a challenge. However, 
research into their role in differentiating dyslexics fi·om other leatners continues to 
flourish. In the context of this research thesis it was their separate and possibly 
intenelated role in the early identification of young learners at risk for reading failure, 
together with the implication for educational practice that prompted the inquiry. The 
adoption of a multi-method approach allowed for a comparison of findings within and 
across the studies outlined in Sections 2 to 4 of this thesis. The longitudinal studies 
allowed an assessment of early identification of future literacy achievements and focused 
on young leatners. The cross-sectional and intervention work extended the findings to 
older cohorts of children and provided a consideration of implications for educational 
suppmi. Together these approaches to investigating phonological and rapid naming 
skills allowed the assessment of a broad age range of children in the compulsory 
education school years, fron1 4 years 6 months to 16 years 11 months. 
5.1 Findings specific to phonological skills 
Each section of the thesis focused on some aspect of phonological skills because a deficit 
in this area has been clearly linked to the acquisition of literacy skills. Problems with 
phonological awareness are usually significantly correlated with future attainment in 
those individuals who have problems in acquiring literacy skills comparative to their 
peers. Section 2, the starting point for investigating these skills as predictors of later 
literacy acquisition in very young children, produced mixed results. The results from the 
two longitudinal studies, Ll and L2 indicated that the phonological tasks chosen 
provided poor levels of prediction of later literacy attainments. In Study Ll, the 
phonological discrimination task was not significantly related to any of the attainment 
measures across the period of 30 months, a study which culn1inated in the Key Stage 1 
tests. Results from the other phonological awareness measure of Rhyme/First Letter 
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Sound miiTored these results by failing to be significantly correlated with attainment 
measures. Interestingly, splitting the Rhyme/First Letter Sound task into rhyme 
identification and first phoneme identification did not improve the results significantly, 
both aspects remaining poorly coiTelated with literacy acquisition, although the First 
Letter Sound task predicted a small percentage of variability in Key Stage 1 
mathematics. However, as was noted in the discussion section of Study Ll, these results 
suggest that one or other of the tasks associated with Rhyme/First Letter Sound may not 
be a valid measure of the underlying skill they have been designed to assess. 
Additionally, the school-based measure Rhyme task failed to be significantly conelated 
with any of the attainment measures across the study, again suggesting that rhyme-based 
tasks may not be appropriate for predicting literacy skills amongst this cohott of 
children. 
Results from Study L2 were similar findings to those of Study L1. Phonological 
discrimination was poorly cotTelated with attainment across all measures and phases of 
the study and predicted little variability in the regression analyses. Findings fi.·om the 
RhYJ.ne/First Letter Sound demonstrated mixed results. The task was significantly 
coiTelated with measures of reading only at the beginning of the study, although it was 
related to spelling attainment across test phases. However, when combined with other 
potential predictors, it accounted for only small amounts of variability in literacy across 
the study. The conclusion fron1 these two longitudinal studies suggests that other 
measures of phonological awareness need to be investigated to detetmine their inclusion 
in a screening measure if they are to provide infotmation to practitioners about future 
literacy acquisition. 
In the cross sectional Study C 1 the focus was on rhyme and alliteration production as 
measures of verbal fluency. Results indicated that dyslexics produced a lower number of 
responses on both the generation of alliterative words and rhyming words when 
compared with their non-dyslexic peers. Similarly, younger participants produced fewer 
responses than the older patticipants, a progression evident across the age range of 7 
years 8 months to 16 years 5 months. Investigation ofhow these skills related to group 
membership and age range across the four groups elicited mixed findings. Significant 
differences were found between the responses offered by the dyslexics when compared 
with their non-dyslexic peers on both the alliteration and rhyme tasks for the younger 
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two age groups. A similar difference between groups was also found for Group 4 on the 
alliteration task, although this difference was non-significant in the Group 3 cohort. The 
rhyme task produced a non-significant main effect for both of the older groups, a finding 
that may be consistent with Bunn's (1995) suggestion that the rhyme fluency test is 
probably the task with the least possible number of responses making it prone to ceiling 
effects. 
The results of the remediation Study R1 indicated lack of evidence for differential gains 
in literacy amongst the intervention groups particularly those given phonemic awareness 
training. The evidence for all groups improving across the period of the study is most 
likely interpreted as a lack of in1portance for the particular method of intervention used, 
but that improvements can be obtained no matter what the intervention involved. 
Interestingly, conelational analyses provided evidence for improvements in single word 
reading and prose reading accuracy being related to the ability to rapidly name line 
drawings of familiar objects at the pre-intervention stage. This rapid nan1ing measure 
seemed to predict the future word reading attainment in the cohort, although there was 
evidence that prose reading accuracy was related to all measures except the phonological 
tasks. The overall picture to emerge from Study Rl was that rapid naming ability seems 
a better predictor of word reading gains in these children than phonological awareness 
measures, but of particular interest is that this measure was also better than verbal and 
non-verbal measures or the initial literacy attainment scores. 
5.2 Findings specific to Rapid Naming Skills 
The investigation of the role of rapid naming across all the studies provided some 
support for the findings of other studies cited in the research literature. In relation to the 
work undertaken in this thesis results from the youngest participants, those in the 
longitudinal studies Ll and L2, den1onstrated the robustness of the rapid nan1ing of 
serially presented stimuli of familiar objects in predicting variability in later literacy 
acquisition. However, the amount of variability predicted by the rapid naming task 
differed across the two studies. In Study Ll, rapid naming predicted variability in 
reading across Phases 1 to 4 but not at Key Stage 1, whereas it did not enter into any of 
the regression equations when spelling was used as the dependent variable. In contrast, 
Study L2 found that rapid naming was a good predictor of attainment across all phases 
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of the study, consistent with evidence from other studies of young beginning readers 
(e.g. Badian, McAnulty, Duffy & Als, 1990). 
The cross sectional Study C2 in Section 3 investigated three different rapid naming 
tasks, incorporating both non-alphanumeric and alphanumeric stimuli of animals, 
colours and digits presented in a serial fotmat.. The participants in Study C2 ranged in 
age from 9 years 6 months to 16 years 11 months. Findings suggested that it was 
possible to differentiate dyslexics fron1 non-dyslexics across all the tasks, itTespective of 
the type of stimuli used. On average, dyslexics produced longer latencies than their non-
dyslexic peers. Similarly, there was a trend for younger children to produce longer 
latencies than older children suggesting that perfo1mance on such tasks improved with 
age. However, these main effects need to be considered in te1n1s of the differences 
between dyslexics and non-dyslexics at the different age ranges con1pared. Overall, 
there was relatively consistent evidence for differences between dyslexics and n<?n-
dyslexics at the youngest age cohort tests (i.e. the 9 to 11 year old groups), but much less 
evidence of differences with the oldest cohort (the 15 to 17 year olds). Such findings 
suggest that rapid natning tasks may differentiate younger dyslexics from their peers 
better than the same comparison with older dyslexics. 
The results fi:om the studies outlined in Sections 2 and 3 have demonstrated the value of 
utilising rapid naming measures in predicting later literacy attainment and in 
differentiating younger dyslexics from non-dyslexics. Intervention Study R2, therefore, 
targeted speed of processing to investigate whether improvements in this aspect of 
performance would link rapid naming deficits with literacy problems amongst dyslexic 
children. However, the results showed that whilst it was possible to improve speed of 
processing for dyslexics to some extent with the intervention of either part- or whole-
word training (the participants improved over four out of the six trials but then levelled 
out reaching an optimal perfotmance of approximately 250 ms), this did not lead 
specifically to improvements in rapid naming ability or literacy-related skills. 
5.3 Theoretical implications and future work 
Within the theoretical framework phonological deficits have become a central feature of 
dyslexia, well supported by empirical evidence (Bradley & Bryant, 1978; Btuck, 1990, 
1992, 1998; Pennington, Van Order, Smith, Green & Haith, 1990; Shankweiler, 
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Libetman, Mark, Fowler & Fischer, 1979; Snowling, 1987, 2000; Wagner & Torgesen, 
1987). The impm1ance of the phonological deficit hypothesis is central to interpreting 
the findings from the studies undertaken and reported in this research thesis. The 
interpretation of the results will also embrace rapid naming skills, and a discussion about 
the relevance of subsuming this under phonological processing, and how the findings 
can help to establish the changing behavioural manifestations of the developmental 
disorder of dyslexia. In addition there will be an examination of the other dyslexia-
related and school-based attainment measures that emerged fi.·om the longitudinal studies 
that might profitably be included in future screening tests with very young children as 
well as examining the evidence for the contributions such findings make to dyslexia 
research. 
Whilst robust evidence exists that phonological processing deficits are evident fi.·om a 
very early age the exact nature of the how these phonological deficits interact with the 
development of language processing skills continues to present challenges. It is the very 
early onset of difficulties and the rapid changes to the behavioural manifestations that 
have been documented in very young children's language abilities that continues to drive 
much of the work in identifying and remediating difficulties at the outset of development 
in language processing skills. Scarborough (1990) provided evidence fi.·om a study of3, 
4 and 5 year old children that dyslexia is a developmental disorder which for a 
propotiion of the population manifests itself as speech processing problems. Studies 
have also shown a strong genetic factor with increased risk for children of dyslexic 
parents (Elbro, 1998; Gallagher, Frith & Snowling, 2000; Olson, Wise & Rack, 1989; 
Scarborough, 1990). Difficulties at the grapheme-phoneme level are well documented, 
as is the fact that dyslexics have difficulties in utilising the link between sound and letter 
in order to decode nonwords (Rack, Snow ling & Olson, 1992), which has become one of 
the defining features of the persistent difficulties ･ｸｰｾｲｩ･ｮ｣･､＠ by dyslexics. Individual 
case studies attest to the heterogeneity of dyslexics demonstrating how difficulties with 
phonological processing may be overcome by utilising compensatory strategies (for a 
review see Snow ling, 2000). In addition evidence for one patiicular compensatory 
strategy employed by ｾｹｳｬ･ｸｩ｣ｳ＠ more than their normal reading peers is the use of 
context in reading. But this needs tempering with the fact that verbal ability plays a 
crucial role in the ability to utilise the higher order language processing skills needed in 
order to alleviate some of the reliance on single word reading and recoding skills. The . 
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reason for this is that behavioural manifestations of difficulties change across the 
lifespan making it difficult, because of heterogeneity of the dyslexic population, to 
pinpoint specifically which difficulties contribute to the development of broader 
language skills. Performance on phonological tasks is likely to be influenced by many 
other factors such as pervasive problems with verbal shmi-term memory and working 
memory, difficulties with word retrieval, and general intellectual ability. 
One of the initial questions posed at the outset of the research was to what extent could 
the phonological and rapid naming tasks chosen predict later literacy attainment in both 
pre-reading children and those in the early stages of formallean1ing, through the 
methodology of longitudinal studies. The rationale for choosing these measures was 
based on the very real need to find a way of identifying those children that might be 'at 
tisk' for reading failure and to provide teachers with effective measures for assessing 
children both at the pre-reading stage and beyond. However, it was not just a case of 
identifying children through the initial screening process that was important but the 
possibility that by providing intervention much sooner would diminish the consequences 
of delaying children until a deficit was found in reading and spelling skills. 
The findings, as stated above, from the longitudinal studies outlined in Section 2 have 
provided evidence that the phonological measures chosen were not the most effective in 
predicting children's later literacy acquisition. Nor did these measures consistently and 
significantly correlate with attainment across the phases of studies Ll and L2. This 
finding was not just restricted to the word level of literacy but extended to incorporate 
areas tested when the children reached approximately 7 years old, the national 
curriculum tests at Key Stage 1. Areas assessed included reading, reading 
comprehension, spelling, writing and n1athematics. Given the research literature that 
attests to the value of children's early rhyming skills as significantly correlated with later 
reading this was not the case in either Ll or L2. However, it was not just the 
Rhyme/First Letter Sound task that demonstrated this effect because the Phonological 
Discrimination task chosen from the DEST was also notable as being poorly correlated 
with all phases in both longitudinal studies. 
It appears that both measures of phonological skills were not discriminatory enough in 
these cohorts of children. One of the reasons may be that although the two measures 
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asked for different responses fron1 the children the actual tasks requirements may be 
similar, that is they were possibly tapping the same underlying sub-skill. One of the 
issues raised by several researchers is that phonological awareness is not a global skill 
and different tasks may be tapping different underlying skills 'each of which plays a 
different role in literacy development' (Muter, 1998, p.114). Suppott for this comes 
from a number of researchers who have undertaken factor analysis on a range of 
phonological measures and found that they do not all load onto one factor (Muter, 1998; 
Stanovich, Cunningham & Cramer, 1984; Yopp, 1988). One ofthe limitations of using 
these two measures is that they may tap sensitivity to phonological awareness at a global 
level, which does not place too great a demand on the individual, even very young 
children, as it appears to require no conscious manipulation of sounds in language. This 
may lead to an inability to discriminate learners who will become good readers fron1 
those at risk of literacy deficits. Research into different phonological measures has also 
suggested that rhytning is the easiest of the phonological awareness skills. This may 
mean that the children tested will have reached a level of proficiency in rhyming skills 
that means that they could no longer be differentiated on such tasks. The findings from 
research which indicated that rhyming was conelated to later reading ability stems fi:om 
the 1980s when teaching focused on the whole word method rather than phonics taught 
to early learners in schools today. The pre-school and early school experiences of 
children today may lead to more rapid acquisition of skills with rhyming and hence to 
their inability to differentiate leatners due to ceiling level performance being reached. 
Ceiling effects differed across the two longitudinal studies, with more of the older 
participants achieving maximum scores. Whilst 18% of the pre-readers in Study L1 
reached ceiling on the phonological discrimination task, 72% of the beginning readers 
scored full marks. A similar pattern of scores emerged from the rhyming task, with 18% 
of the pre-readers con1pared with 52% of the beginning readers demonstrating ceiling 
effects. Both of these tasks showed clear evidence of improvements with age. Overall, 
these two measures appear not to be of particular value as precursors of literacy 
development. 
In conclusion, if phonological awareness measures are to be included in a screening test 
then the complexity of the task and the possible underlying sub-skill it taps in relation to 
reading and spelling development needs careful analysis. Stahl and Munay (1994) argue 
that it is the level of sub-syllabic unit that is impot1ant in determining the level of 
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phonological awareness not the difficulty of the task. In their model of reading and 
spelling development Goswami and Bryant (1990) would separate rhyming fi.·om 
segmentation tasks and predict that each of these skills influence reading and spelling 
development in different ways. Indeed, findings from the present studies show more 
evidence of a relationship between phonological tasks and spelling, and work by Muter 
(1998) provides some evidence of rhyming skills predicting school year 2 spelling 
ability. The model of development proposed by Goswami and Bryant (1990) reflects 
their theoretical belief that rhyming reflects sensitivity to onset-rime boundaries of 
words enabling children to make use of analogical similarities which prmnotes reading 
and spelling development. Goswatni and Bryant claim that analysis at the phoneme 
level comes later, and constitutes a separate and distinct underlying skill reflecting, 
according to the research literature, children's understanding of the alphabetic principle. 
So in theory children's rhyming ability, especially that ｯｦｰｲｾＭｳ｣ｨｯｯｬ＠ children ought to 
show significant correlations with later reading and spelling ability. In fact smne studies 
have shown that rhyming ability is significantly coiTelated with later reading ability 
(Maclean, Bradley & Bryant, 1987) but this is not the same issue as showing that this 
skill is causally related to later literacy acquisition, or that the measure offers 
independent predictability when compared with other dyslexia-related measures because 
conelational data only demonstJ.·ate a relationship not a causal explanation. 
It is clear :fi.·om findings reported in research studies that phonological skills do play a 
role in the development of children's reading and spelling particularly when combined 
with reading instluction (e.g. Hatcher, Hulme & Ellis, 1994). Therefore having 
identified children snuggling with literacy acquisition in comparison to their peers, 
through the initial screening at the outset of one of the longitudinal studies Study L2, 
intervention was planned to extend previous research by linking n·aining of phonological 
skills with reading on a group basis rather than individually utilising a range of different 
approaches. The findings ft·om intervention Study Rl outlined in Section 4 were 
somewhat disappointing. Whilst there was clear evidence that skills had indeed 
improved when a comparison was made between pre- and post-test single word reading 
and prose reading accuracy this in1provement, although not great, was consistent across 
all the groups even those that had a less prescriptive approach to suppm1, Group 4. One 
could interpret this as reflecting the lack of importance for a specific programme of 
intervention, given that the three intervention programmes had both phonology and 
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reading as _central features, albeit in a slightly different format, rather the actual act of 
providing additional support from a specialist teacher. However, this does not explain 
why the control group could not be differentiated from the other three. An alternative 
explanation is that one of the limitations of the study was that the children were grouped 
according to educational need because the aim was to teach in small groups utilising 
programmes that had predominantly been designed for individual intervention. This 
meant that precise matching across the whole range of variables assessed at the outset 
was less rigid than one would normally hope for when matching participants for random 
allocation to groups for experimental purposes. If, for example, the groups had been 
matched on reading age then some of the members in each of the groups would 
inevitably have needed different stat1ing points on the selected programme therefore 
placing greater demands on the time required to prepare and deliver the intervention. It 
is acknowledged that providing effective intervention in the fotm of group suppm1 given 
the limited number of participants within the school concetned proved to be a difficult 
task. This limitation of needing to group for educational reasons n1ay have been one of 
the factors that affected the outcome measures. It could be argued that educational 
grouping may make more sense fi.·om the practitioner's perspective when faced with 
many children requiting support without limitless funds but it makes determining the 
results of any intervention more difficult. All of the programmes that are advocated as 
demonstrating significant gains in children's reading and spelling skills are 
predominantly ones that focus on individual tuition (e.g. Reading Recovery; Sound 
Linkage). This has huge cost and support implications because although this may be the 
preferable approach when analysing individual needs if such a course of action were 
taken the likely outcome would be that less children would receive support. Hatcher, 
Hulme and Ellis (1994) make this point about maximising effectiveness of their 
intervention study by combining reading with phonological training on an individual 
basis but discuss how this places constraints on how widely the Sound Linkage 
programme can be used (Sound Linkage, Hatcher, 1994). One of the n1ajor 
considerations before undertaking the intervention Study Rl was this factor. The 
recommendation by Hatcher et al. (1994, p.55) that some of the activities in the Sound 
Linkage programme could be modified for use with small groups still leaves the 
um·esolved issue ofhow to undertake such a task if not through educational grouping. 
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Another limitation of the study was that the intervention was conducted over a period of 
20 weeks and this may have been insufficient time for each of the programmes to 
provide evidence of differential effects in reading and spelling development. Reading 
and spelling difficulties are noto1iously difficult to remediate and the gains made not 
easy to maintain. Suppoli for this premise con1es fron1 Hatcher et al. (1994) when they 
report that follow-up scores of their group receiving integrated reading and phonology 
training 9 months after the intervention had ceased showed maintenance for reading 
skills but diminished results for spelling. This suggests a need to continue training 
beyond the 40 weeks in order to demonstrate ongoing significant gains in reading and 
spelling. It also suggests that there is possibly a greater and more prolonged reliance on 
phonological skills for the ongoing development of spelling when compared with 
reading. The research literature detailing individual case studies of dyslexics often cites 
the fact that reading attainment is usually ahead of spelling attainment, the latter 
appearing to be more resistant to intervention than the former. 
With regard to the efficacy of the remediation techniques based on improving 
phonological skills in order to improve attainment in reading and spelling it was evident 
from the analyses that all the programmes were successful based on pre- and post-tests 
results. However the study failed to identify a single approach as more efficacious than 
any other for reading development. Of further interest was the analysis of spelling 
development identified a significant interaction effect, providing evidence that spelling 
improvement differed across methods of intervention. This improvement could not be 
accounted for by a significant difference in spelling at the pre-intervention stage nor 
could it be attributed to the intervention method because the group that made the most 
progress was the control group. The graphical presentation of improvement (Figure 4.4, 
Section 4) shows the greater improvement n1ade by Group 4 participants when compared 
with the other groups. Analysing group differences showed that there was a significant 
difference in reading scores at the outset of the study but not in spelling scores with 
participants in Group 4 being notably better at reading than any of the other groups (see 
Table 4.2, Section 4). One explanation returns to the theoretical basis of reading and 
spelling development; Group 4' s reading and spelling skills were at a more advanced 
level at the pre-intervention stage therefore it may be that better reading skills 
contributes significantly to improving spelling. However, pre- and post-test scores for 
the three intervention groups showed that spelling scores for smne of the individuals 
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were unstable as shown by diminished post-test scores. Further evidence for spelling 
lagging behind reading comes fi·om studies of 'compensated' adults who have developed 
strategies for coping with reading but continue to show difficulties in relation to written 
language skills (e.g. Snowling, Nation, Moxham, Gallagher & Frith, 1997). A further 
question regarding the difference in reading and spelling achievement is whether these 
two developmental areas rely on different phonological skills e.g. rhyme ability and 
phonological discrimination featuring more prominently in spelling. Fut1her research is 
needed in order to test theoretical models of reading and spelling development. A 
further question posed at the outset of the remediation study was whether or not these 
deficits are easily remediated and the answer for this cohort appears to be that they are 
not. More detailed analysis of the individual scores pre- and post-test suggest that some 
of the children made little or no progress with their reading and spelling development 
following intervention. This may be indicative of some of the individuals who 
participated being termed 'treatn1ent resisters'. Only careful individual profile analysis 
of strengths and weaknesses beforehand and sctutiny of underlying cognitive skills 
following intervention n1ight shed light on why some children benefit and others do not 
bearing in mind that general ability of all the children fell within or above the average 
range. 
The converging evidence, which now exists in the literature, attests to the fact that 
phonological awareness linked with reading produces the n1ost significant results. 
However, of note is the number of conceptual and methodological considerations 
regarding reading intervention research which appear to have an impact on outcome and 
interpretation of reading intervention research (for a review see Reid-Lyon & Moats, 
1997). Research in this area remains a challenge because whilst it is possible to in1prove 
children's acquisition of reading skill there are still a nun1ber of children, even given 
intensive support, who remain 'at risk' or poor readers. The remediation studies outlined 
in Section 4 attests to the fact that n1ore consideration needs to be given to individual 
differences in profiles and careful monitoring of which skills in each individual improves 
over time. Whilst word skills improve fluency and automaticity remain a problem. As 
Torgesen points out, 'The additional challenge for remedial research is to determine how 
to focus or sttucture reading practice to improve fluency, while maintaining gains in 
reading accuracy and comprehension' (Torgesen, 2002, p. 101). 
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In addition to the above two studies, phonological skills that focused on verbal fluency 
in a cross section of dyslexics and age matched controls provided evidence that deficits 
are persistent in dyslexic individuals across the educational years ranging from 7 years to 
16 years. This is consistent with evidence from other studies investigating adult 
dyslexics and their persistent difficulties with phonological processing cited in the 
research literature (Btuck, 1992; Felton, Naylor & Wood, 1990; Pennington et al. 1990). 
However, as with the findings for poor levels of prediction of literacy ability from 
measures of rhyme awareness in the longitudinal studies, Study C 1 found less evidence 
for difficulties across this age range with the rhyming fluency task. One factor that may 
explain this result was that more items were produced in the rhyming task than the 
alliteration task in Study C 1. This seems consistent with the developmental theory that it 
is easier to segment words at the onset-rin1e level than at the phoneme level as suggested 
by Goswami and Bryant (1990) and Treiman & Zukowski (1996). It is also consistent 
with the difficulties that dyslexics have at the grapheme-phoneme level in an alphabetic 
script. 
One of the difficulties in making comparisons, and indeed interpreting the findings, 
between the results found in Study C 1 and other relevant studies cited in the research 
literature was the fact that there appear to be few studies that have assessed verbal 
fluency in dyslexics when compared with nom1al readers across such a wide age range. 
It was possible, however, to make a comparison between some of the participants in 
Study C1 on rhyme generation and those reported by Frederickson et al. (1997). One 
study outlined in the Phonological Assessment Battery manual (PhAB, Frederickson, 
Reason & Frith, 1997) details results of two groups of children, one for children aged 
from 8 up to 10 years of age and one for children aged from 10 up to 13 years of age. 
The age of these children falls within the range used in Study C1. As in the work 
reported in this thesis, the results reported in the study by Frederickson, Frith and Reason 
(1997) also demonstrated equivocal findings, with significant differences found in the 
younger age in alliteration fluency, but not after adjustments had been made for the 
effects of IQ, whereas results for the older group found significant differences on rhyme 
fluency after controlling for general ability. Further comparison cannot be considered as 
the Frederickson, Frith and Reason ( 1997) study did not test children older than 13 years 
of age. The difference in the results obtained by Frederickson et al. and Study Cl could 
have arisen because the age groups of the children were different or alternatively 
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controlling for IQ could have altered the outcon1e. However, no significant differences 
were found in the younger group of children in the PhAB on rhyme fluency but these 
differences were evident again in the older group, which again suggests that results from 
rhyming tasks may be unreliable across these age ranges. 
The same study reported in the manual of the Phonological Assessment Battery (PhAB; 
Frederickson, Frith & Reason, 1997) compared normal readers with dyslexic readers 
across the tasks of rapid naming of pictures (familiar objects) and rapid naming of digits. 
The age range of the groups in the PhAB study does not allow a direct comparison 
between the pat1icipants and those in Study C2, but the results do demonstrate 
significant differences were found between the normal readers and the dyslexics on both 
of the rapid naming tasks, that is the poor readers required longer to name the same 
stimuli when compared with normal readers. Rapid naming of objects emerged as a 
predictor of later literacy attainment in both of the longitudinal studies repot1ed in this 
thesis. Conelational data suggested a relationship between rapid naming and reading 
attainment in Study L 1, although spelling was found to be poorly correlated with rapid 
naming. Study L2, however, suggested that rapid naming was associated with all 
literacy measures. It was a much stronger and consistent predictor amongst the older 
beginning readers than with the pre-readers. This may suggest that age and/or literacy 
experience had an effect on the relationship between rapid nan1ing and literacy ability. 
Wolf, Bally and Monis (1986) found a larger con-elation between the speed with which 
kinderga11en named letters and digits and word recognition in Grade 2 (age range 7 to 8) 
than found in Study Ll. The reading tasks used in these two studies different, with 
Study Ll using untimed tasks in contrast to the timed task that Wolf eta!. 's participants 
undertook. The other essential difference was that they used alphanumeric stimuli that 
might account for any differences found in the reading tasks as these stimuli are literacy-
related. Spring and Davies (1988) also raised this issue that individual differences in 
letter naming speed might be a consequence of exposure to letter leatning and 
subsequent processing differences between good and poor readers. Stanovich (1988) 
notes cognitive differences in good and poor readers that he believes are a direct 
consequence of the amount of exposure that individuals have had to print. The larger 
relationship between rapid naming and reading in Study L2 compared to the same point 
in Study L 1 is consistent with the view that leatning to read and spell influences speed of 
lexical access and retrieval of infotmation from long tetm memory. Con·elations between 
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rapid naming and concunent attainment scores in the participants of Study L2 are also 
consistent with a reciprocal relationship between reading and rapid naming. Another 
difference between the present findings and those of Wolf et al. (1986) was that in Study 
L1, rapid naming was associated with word level reading, prose, comprehension and 
writing. There seemed to be no evidence in these cohorts for suggesting that one of the 
factors affecting the relationship between naming speed and outcome on reading ability 
measures is the type of reading task being investigated, as suggested by Wolf et al. 
(1986). Overall, the continuous naming task used in the longitudinal studies does predict 
later reading, is significantly conelated with attainment and therefore one could argue 
that the reason for this is its likeness to the reading task as suggested by other researchers 
(Spring & Davies, 1988; Wolf, Bally & Morris, 1986) in comparison to a discrete 
naming task which has not produced the same results (Perfetti, Finger & Hogaboam, 
1978; Stanovich, 1981). 
It has been argued that rapid naming ought to be subsumed under phonological 
processing because the task requires 'retrieval of phonological codes from long-tem1 
store' (Wagner, Torgesen, Laughon, Simmons & Rashotte, 1993, p.84) or 'phonological 
recoding in lexical access' (Wagner & Torgesen, 1987, p.192). Evidence already cited 
in this thesis suggests some strong support for this premise (e.g. Katz, 1986; Snow ling, 
van Wagtendonk & Stafford, 1988). Therefore it was expected that the two skills of 
phonological awareness and rapid naming would be conelated with each other and show 
similar relationships with the literacy outcome measures. However, this was not the 
case. No significant conelations were found between either of the phonological 
awareness tasks of phonological discrimination of two spoken words or the rhyme task 
and rapid naming of objects in Study L1. One interpretation could be that rapid naming 
tasks require the retrieval of phonological representations beyond the global level of 
phonological awareness tapped by disctimination and rhyme tasks. Katz (1986) reported 
significant differences between dyslexic and contr·ol participants in retrieval rate and 
accuracy for low fi·equency, polysyllabic words, which suggests some support for the 
theory that the retrieval of more complex phonological representations is more difficult, 
or take longer to access, for dyslexics. In a follow-up study of Katz's work, Snowling et 
al. (1988) assessed 11 year-old pat1icipants on a picture naming task. They extended 
Katz's design by including both age-matched and younger contr·ols. Their findings 
suppot1ed those repo11ed by Katz, with the dyslexics making more naming eiTors than 
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the age-matched controls but no more so than the younger patticipants. This finding that 
the perfotmance of dyslexics equated to younger controls is again consistent with 
naming ability being related to literacy level/exposure and for the potential reciprocal 
relationship between the two. Interestingly, both Katz (1986) and Snowling et al. (1988) 
concluded that the underlying cause is poor phonological representation, that is, a deficit 
in the phonological domain. 
In Study L2 a moderate con-elation emerged between rapid naming and the rhyme and 
onset-rime task but not the phonological discrimination task. It was also in this cohort 
that spelling attainment was significantly con-elated with rapid naming, in contrast to the 
younger pre-readers in Study Ll. The children in this cohort were older and had 
expetienced some 18 months of fotmal education by the time the measures were taken. 
Such emerging con·elations following exposure to formal literacy learning is again 
consistent with a reciprocal relationship and it was in this study that the role of rapid 
naming as a predictor of variability was fitmly established. It is also worth noting that 
there are different schools of thought for the underlying processes associated ｷｩｴｾ＠ rapid 
naming. Whilst some believe that perceptual, semantic and phonological processes play 
a key role in being able to access rapidly infmmation stored in long-tern1 memory (e.g. 
Katz, 1986) there are others that have argued that the recognition of a single word 
requires the interaction of semantics, phonology and orthography (Ehri, 1980). In fact 
connectionist models stress the multiple levels of interaction, connections between 
semantic, phonological and orthographic units (e.g. Seidenberg & McClelland, 1989; 
Seidenberg, 2002). Knowledge of orthographic units is vitally important for progression 
in spelling and hence writing skills, which is why it might be significantly correlated in 
the older cohort of children. In suppo11 ofthis viewpoint Bowers and Wolf(1993) state 
that naming speed deficits 'may signal the disruption of the autmnatic processes which 
support induction of orthographic patterns, which in tum results in quick word 
recognition' (1993, p.70). 
Cmnpadng the extent to which the two measures of phonological skills and rapid 
naming featured as identifiers ofleatners 'at tisk' of later failure there was no support for 
both being equally effective. Rapid naming emerged as the most robust and consistent 
predictor. Whilst the evidence points to rapid natning explaining a higher percentage of 
variance in the beginning readers when compared with pre-readers this might be 
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interpreted as an age-related issue. No such claim can be made for the phonological 
measures chosen being age-related. This was surprising given the fact that both 
phonological skills and rapid naming have featured prominently in reading research and 
are regarded as important defining features of dyslexia. It could be, as mentioned earlier, 
that the phonological measures were not sensitive enough for this cohort. One of the 
strengths of the two longitudinal studies was that they did not rely solely on measures of 
phonological skills and rapid naming but used other dyslexia-related measures and 
school-based attainment n1easures in an attempt to acknowledge the many underlying 
processes associated with, and possible causal explanations given for dyslexia (see 
discussion in Section 1 relating to the Dyslexia Early Screening Test (DEST; Nicolson & 
Fawcett, 1996). 
Of particular note was the emergence of the Sound Order task as a predictor of later 
literacy attainment in the pre-readers which contrasts with Rapid Naming in the 
beginning readers. This could be interpreted as providing further evidence for age-
related measures. Although there is considerable controversial debate over exactly what 
the Sound Order task is n1easuring the underlying components of this task appear to tap . 
the skills that predict later attainn1ent in pre-readers as opposed to those who have been 
in formal education for 18 months before the initial screening was carried out. (A 
discussion of some of the issues relating to the underlying processes of the ｓｯｾｮ､＠ Order 
task may be found in Sections 1 and 2). In particular it is worth noting that Tallal et al. 
(1998) suggest that the difficulties that some children have with discriminating and 
sequencing rapidly presented auditory stimuli may link to the problems they expelience 
learning sound-symbol relationships necessary for them to progress with reading. There 
is clear evidence outlined below for the predictive ability of letter knowledge in the pre-
readers longitudinal Study Ll that could be interpreted as support for this premise. The 
evidence from the longitudinal study with pre-readers suggests the value of including a 
measure of temporal processing as it may well be tapping some of the underlying skills 
essential for making progress in literacy skills. 
Confirmation of the importance of letter knowledge was obtained from Study Ll that fits 
in with a con1prehensive range of evidence cited in the research literature. Although one 
interpretation is that this is a measure of attainment because of its significance as a 
predictor of later literacy skills in pre-readers it might be argued that it is much more to 
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do with a child's grasp of the alphabetic principle, the knowledge of letter-sound 
correspondence that is critical to the learning process. It has been demonstrated that 
teaching letter knowledge in isolation is ineffective (Gallagher, Frith & Snowling, 2000). 
One of the strengths of using knowledge of both upper and lower case letter names and 
sounds in the longitudinal Study Ll was that it provided an opportunity to evaluate 
which one of these measures was the best predictor after a year of formal education. 
There was clear evidence that lower and upper case letter names emerged as predicting 
most variability suggesting that in a teaching framework where the emphasis is on a 
phonics approach that begins with lower case letter sounds those children who manage 
to link successfully the grapheme-phoneme conespondences make the most progress. 
This might also be interpreted as a better grasp of the alphabetic script. One of the 
limiting features of the DEST sub-test of letter naming was that although a clear 
developmental progression was noted, 3 8% of the pre-readers and 69% of the beginning 
readers reached ceiling on this test. In contrast fewer of the pre-readers reached ceiling 
on the school-based attainment measure of upper and lower case letter name and sound 
knowledge at the end of the first year of schooling: 13.3% reached ceiling on lower case 
letter sounds; 8.9% reached ceiling on lower case letter names; 11% reached ceiling on 
upper case letter sounds; and 6. 7% reached ceiling on upper case letter names. This 
evidence suggests that it is better to use the whole alphabet at the outset of such a study 
and abandon the DEST sub-test because of the ceiling effects found in these cohorts of 
children. It was also interesting to find that knowledge of letter names developed slower 
than sounds and that these emerged as predictors across the range of attainment 
measures. This development is likely to reflect the emphasis on phonics teaching in 
primary school children. 
The two studies undertaken have produced both convergent and divergent results 
regarding predictors of later literacy achievement. While there is clear evidence in both 
studies that digit span, or short-term memory, is significantly cotTelated with later 
attainment it also emerged as a predictor but in varying degrees. In the younger cohort it 
was a robust predictor of attainment across all areas of Key Stage 1 skills. In the older 
cohort of Study L2 it did not emerge as a predictor at Key Stage 1 but did contribute to 
variability in reading and spelling skills at Phase 2 of the study. One interpretation is 
that this is an age-related factor to emerge fi.·om the analyses, which might explain the 
variability across the two studies. Alternatively, it may be an underlying process that is 
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important at all stages of development, just to varying degrees with age and stage of 
development. 
The cross-sectional study incorporating rapid naming tasks provided son1e evidence for 
significant differences between dyslexics and non-dyslexics in rapid naming skills, 
evidence that such tasks may indeed differentiate dyslexics from age-matched controls. 
If rapid naming speed does reflect that automaticity has been attained as measured by 
accuracy and fluency then the longer response times evident in the performance of the 
dyslexics suggests that they have not yet reached their optimal performance in accessing 
and retrieving information from long te1m memory when compared with normal readers. 
However, this interpretation needs to be treated cautiously given variations in findings 
due to age and stimuli. The present data suggest that although non-alphanumeric rapid 
naming tasks may differentiate dyslexics fi·om similar aged peers when young children 
are assessed, it has been reported that such stimuli may fail to do so consistently with 
older age groups and, indeed, Wolf, Bally and Morris (1986) suggest that alphanumedc 
stin1uli may be more appropriate for older groups. Wolf et al. also suggest that there are 
a number of factors that affect the relationship between naming speed and reading 
ability. Wolf and Bowers (1999) have emphasised this position, suggesting that the 
relationship between reading ability and naming speed are influenced by a nun1ber of 
factors, namely group characteristics, the nature of the reading task, as well as the nature 
of the naming task. As it was not possible to compare alphanumeric and non-
alphanumetic stimuli in the longitudinal studies this was something that was undertaken 
in the cross sectional Study C2 with an age range ofpatiicipants fi·om 9 years to 17 
years. The digit naming task produced more consistent differences between groups in 
the older age cohotis supporting research ｦｩｮ､ｩｮｧｾ＠ for the value of this particular type of 
stimuli in differentiating dyslexic fron1 non-dyslexic leatners. One of the features of the 
digit naming task it that it rarely elicits en-ors in the same way as the picture naming task 
does but differentiates on the basis of speed alone. Additionally the longest latencies 
were recorded in the dyslexic group on the animal naming task potentially due to the 
semantic en-ors produced by the dyslexics. It also might suggest some support for a 
distuption in semantic processing when easily confusable but semantically shnilar verbal 
labels were required to be retrieved fi·om long-te1m memory e.g. bird for swan. One of 
the limitations of the study was that neither reading ages nor phonological skills were 
assessed which might have offered a more fine-grained analysis of the factors affecting 
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performance. It would also have enabled an examination of the relationship between 
phonological skills, rapid naming and reading ability in both the dyslexic population and 
the normal readers. 
Everatt (1997) questions the value of such tasks as rapid naming of colours and line 
drawings of familiar objects because he found non-significant differences in his cohort 
of dyslexic and non-dyslexic higher education students. He further stated for this age 
group the tasks failed to be of diagnostic value. This contrasts with findings from 
studies conducted with children (for exatnple Denckla & Rudel, 1976; Nicolson & 
Fawcett, 1995). The contrasting evidence from Study Cl and Everatt's findings appear 
to suggest a direct relationship between the type of stimulus and the age of the 
participants. However, in contrast, Hanley (1997) reported significant differences 
between dyslexics and controls in a population of undergraduates on a picture naming 
task as well as phonological awareness tasks for those who still had persistent problems 
at the single word level. This seems to suggest that the persistence of phonological 
difficulties may be directly related to both naming tasks and word recognition, a point 
made by Katz (1986) and Snowling et al. (1988). Snowling, Nation, Moxham and Frith 
(1997) reported that the dyslexic and non-dyslexics university students were close to 
significance on the digit naming test. The mixed findings in the range of studies cited 
suggest futiher investigation is necessary to determine what factors lead to these 
divergent results. 
A further aspect to the research outlined in this thesis went beyond the predictive and 
differential ability of rapid naming speed. In Study R2 intervention was targeted at 
improving speed of processing by forcing pat1icipants to make faster and faster decisions 
by reducing the amount of time available for processing infotmation across the trials on 
whether a sound appeared in a word or whether the whole word that was presented on 
the computer monitor conesponded to the spoken word given. If speed of processing is 
related to rapid naming, reading, decoding and lexical access then speeding up decision-
making tasks ought to show improvements in these areas. But the overall results were 
disappointing even though it was shown that it is possible to improve speed of 
processing of grapheme-phoneme conespondences and mihographic pattetns of whole 
words in a very sholi period for dyslexic participants. 
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With regard to the issue of speed ofprocessing one finding of the intervention Study R2, 
which suppm1s evidence in the research literature (Yap & van der Leij, 1994), is that 
optimal response time for dyslexics on both sound-within words and whole word tasks 
was approximately 250 ms to process the stimulus. The improvement in speed of 
processing over four trials was significant. Yap and van der Leij (1994) reported that 
age-matched non-dyslexics were able to achieve response times of approximately 100 
ms in speed of processing which in turn conesponds to data provided by Denckla and 
Rudel (1976) that dyslexics need longer to perceive a word when presented for brief 
periods. It appears that dyslexics are susceptible to time constraints and prolonged 
training would not have resolved this issue as their response times after 4 trials failed to 
show ftn1her improvement. So if speed is one of the underlying processes associated 
with rapid naming then targeting this area alone is not the answer. The findings suggest 
suppot1 for the premise that it is the 'amalgamation and unitisation' of a number of 
processes that relate to rapid naming that in tutn have a direct affect on reading and 
reading-related skills. More than this is the need to target several areas at once. 
A review of the double-deficit hypothesis by Wolf and Bowers (1999) repm1s that 
although there is empirical evidence for two largely independent reading-deficit sources 
these do not reveal how naming-speed deficits might affect reading progress. In addition 
although there is a wealth of evidence for explaining how phonological processing is 
connected with progress in literacy-related areas 'there is no similar a priori 
conceptualisation about the processes underlying naming speed which exists to explain 
how these processes affect word identification, word attack, and other reading skills' 
(Wolf & Bowers, 1999, p.432). The question that these researchers pose is whether or 
not the deficit is domain-specific or domain-general; one specific deficit or the 
conglomeration of a number of deficits across various modalities. The breakdown in 
rapid, effortless access to retrieval of information from long-term memory appears to 
have innumerable sources: slower perceptual processing; difficulties with semantics; 
knowledge or failure to utilise efficiently grapheme-phoneme correspondences; failure to 
retrieve phonological representations or indeed orthographic processing difficulties. 
Indeed elaborating on the underlying processes Bowers and Wolf(1993) view naming 
speed as 'a complex ensemble of attentional, memory, cognitive, perceptual, motoric and 
linguistic processes that need to work together rapidly in time' (p.87). 
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Most models of reading indicate a need for automaticity of sub-processes (LaBerge & 
Samuels, 1974; Lesgold & Perfetti, 1981; Liberman, Shankweiler, Libetman, Fowler & 
Fischer, 1977; Vellutino, 1982). LaBerge and Samuels (1974) suggest that the problem 
lies with automating some of these lower level processes. Not achieving automaticity in 
accurate and fluent identification of words, in fact all or any of the sub-processes already 
mentioned would, in effect, have repercussions for the higher order skills of 
comprehension because of the conscious attention needed in order to perform these basic 
tasks which in tutn would mean resources were unavailable to comprehend the subtleties 
of meaning often found in written discourse. It n1ay be that processing print at a basic 
grapheme-phoneme level and comprehension are incompatible; context then becomes 
the critical compensatory element for dyslexics still struggling at the single word level 
(Nation & Snowling, 19?). 
There have been some attempts over the years to remediate difficulties associated with 
rapid naming but with little success. Lemoine, Levy and Hutchinson (1993) attempted 
to increase naming speed in poor readers through repetition practice 'on the acquisition, 
retention, generalisation of children's skills in rapidly naming visually presented words' 
(1993, p.297). They found that naming times decreased rapidly with practice, similar to 
the speed of processing effects seen in trials 1 to 4 in Study R2. However, retention of 
this 'newly acquired' skill was found to be a function of the degree of leatning during 
training. One factor emerged which is consistent with the skilled practitioner's approach 
to teaching dyslexics and that was that over-leatning was essential to prevent 
degradation of the skill. The acquisition and degradation of the naming-gains was 
unrelated to specific orthographic or phonological cotTespondences among the trained 
words. What emerged was that no generalisation of the naming time skills to new words 
sharing the trained spelling/sound coiTespondences was found. Others have tried 
segmentation and whole word repetition training (Levy, Bourassi & Hotn, 1999), with 
poor readers being categorised into fast and slow 'namers' based on the results from a 
rapid automatised naming task. Slow and fast 'namers' were further sub-divided into 
four groups for training: training emphasising onset-rime segmentation; training 
emphasising phonemic segmentation; whole word repetition; and a control group who 
received arithn1etic practice during the training sessions. The main results showed those 
individuals who were slow to name visually presented stimuli acquired words more 
slowly across expetiences than the fast 'namers', being particularly disadvantaged with 
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word-level units. Rate ofleatning was better with sub-syllabic segmentation at the 
phonemic level. 
In an attempt to take a broader approach to investigating how to remediate reading and 
spelling difficulties which have been identified through and cotTelated with naming 
speed, Wolf and Segal (1999) undertook a pilot study incorporated training on word 
retrieval processes, rate of processing, verbal material and vocabulary knowledge, a 
programme known as RAVE. It failed to resolve whether the rate of processing 
linguistic information can be sufficiently changed in the reading impaired population, or 
indeed whether over a longer timeframe focusing on retrieval rate, accuracy and 
vocabulary elaboration will generalise to reading improvement. Wolf, Miller and 
Donnelly's (2000) study (RA VE-0) followed similar lines with the central purpose 
being the development of fluency and automaticity in readers. They approached the 
auton1aticity issue by focusing on the systematic development of fast, accurate letter 
pattetn recognition (the orthographic basis of words) and the fluency issue by including 
semantic activities designed to strengthen individuals' vocabulary knowledge base, 
based on their belief that word recognition is facilitated by semantic knowledge. The 
programme, however, focuses on n1uch more than just retrieval and automaticity by 
integrating phonological, orthographic and semantic knowledge in the intervention. 
Whilst this 1nay be one way to remediate children who are classified as reading impaired 
or dyslexic, it does not appear to focus directly on those who have a single core deficit in 
rapid nan1ing as opposed to a phonological deficit. The rationale for this could be that 
the largest group of impaired readers are those with both a phonological and rapid 
naming deficit, compared with the few that would be classified as having a single deficit 
(Bowers and Wolf, 1993). To date the intervention programmes have failed to focus 
solely on this area possibly because of the difficulty in teasing apart the underlying 
deficits that manifest themselves as a problem with naming speed. 
The findings from the cross-sectional studies that some of the dyslexics performed as 
well as controls in both the phonological tasks and rapid naming tasks gives 1ise to some 
interesting speculation about the underlying deficits which cause the persistent 
difficulties with literacy-related skills in adults classified as dyslexic in 'childhood. 
Phonological deficits and rapid naming speed are renowned aspects of n1any dyslexic 
children's profiles, consistently differentiating them from age-matched peers without any 
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evident literacy difficulties, but the inconsistent results from older cohorts in both the 
cross-sectional studies reported in this thesis, and evidence in the literature from other 
researchers with university students, suggest that there are other causal factors 
responsible for the literacy-related deficits evident in adults which cannot be attributed to 
the skills required to perfotm well in verbal fluency and rapid naming tasks. One factor 
mentioned by some researchers is that results from rapid naming tasks were only found 
to be significant in differentiating dyslexics from normal readers when reaction time and 
elTor count were combined on some rapid naming tasks (see Stanovich, Cunningham & 
Cramer, 1984). Maybe reaction time and enor count reflect the 'arrest' that Bruck 
(1990) feels continues to characterise word-recognition difficulties adult dyslexics 
experience because of their inability to acquire appropriate levels of phoneme awareness. 
Her study confirmed inaccurate and particularly slow word-recognition skills, reflecting 
poor grapheme-phoneme cmTespondences, with the pattetn of adult dyslexics' 
performance comparable with beginning skilled readers and dyslexic children. Further 
supp011 for a deficit at the phoneme level is provided by Pennington et al. (1990) in a 
study investigating the performance on two such tasks in familial dyslexics and a clinical 
sample of dyslexics, which 'together uniquely accounted for substantial variance in 
nonword reading' (p.1753). Therefore it could be argued that the phonological and rapid 
naming skills assessed are manifestations of the difficulties at the phoneme awareness 
level rather than a cause of the literacy deficits. 
Whilst the research studies in this thesis have focused on two key areas of research, 
phonological skills and ｲ｡ｰｾ､＠ naming ability, the mixed findings lead to the conclusion 
that both phonological and rapid naming theories need further specification. It is evident 
from this research that the findings are mixed, that all the phonological and/or rapid 
naming measures neither differentiate dyslexics from non-dyslexics nor predict 
variability in literacy. The suggestion is that measures of phonological skills, as well as 
measures of rapid naming ability, may be measuring different skills or, at least, are 
affected differently by experience or development. The differential ability of the 
measures of phonology and rapid naming that have been utilised in this research attest to 
the need for closer analysis of the underlying processes involved in these measures. In 
essence, what is necessary is that the theoretical models that have been ·developed which 
link phonological skills and rapid naming ability to related literacy deficits, and indeed 
dyslexia, need more specification. This specification needs to take the fotm of 
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explaining what is common across these skills and how these underlying commonalities 
vary with test measures, experience and development. 
Additionally, the emergence of a range of alternative causal theories which 'challenge' 
or 'complement' the phonological deficit hypothesis (see Section 1, 1.3 .2.1, p. 24) may 
be seen as a starting point, although n1any still focus on a single deficit approach to 
explaining the cause of dyslexia. The findings from the longitudinal studies in Section 2 
suggest that in addition to rapid naming, a range of predictors in combination are 
emerging to explain later literacy attainment, specifically letter knowledge, sound order 
and digit span. This has important implications for incorporating these specific 
measures in a screening test with very young children if identification of children at risk 
for reading difficulties, and more widespread literacy problems, at an earlier age is to be 
achieved so that remediation can be implemented earlier. The findings also suggest a 
need to explore a broader causal theory of dyslexia, which incorporates a range of factors 
evident from this research, which explains the differences found in very young children 
in the acquisition of literacy skills. 
5.4 Improving educational practice and future research work 
There are questions that remain unanswered by the studies undertaken and reported in 
this thesis. The lack of evidence to support the predictive ability of the phonological 
measures used in the longitudinal studies suggest that this focus on sensitivity to 
phonological awareness, that is rhyme and discrin1ination, at the global level needs 
careful review. The failure of the rhyme task to predict future reading ability reflects the 
findings repot1ed in a comprehensive review undertaken by Macmillan (2002). She 
investigated three major research claitns: (i) rhyme awareness is related to reading 
ability; (ii) rhyme awareness reflects reading achievement; and (iii) rhyme awareness 
leads to the development of phoneme awareness. There is little suppot1 from the 
evidence cited in Macmillan's review for the claim that rhyme and reading are causally 
related. In fact looking at correlational data and training study evidence with beginning 
readers this confirms that more progress is made if children receive letter-sound training. 
The results from the longitudinal studies have itnportant implications for practice 
especially given the integral part that teaching rhyme and analogy have in the National 
Literacy Strategy (DfEE, 1998) as part of reading insttuction. Rhyme awareness in the 
longitudinal studies was poorly correlated with later attainment at all stages of Study L 1, 
222 
with poor or n1oderate con-elations in Study L2. Therefore the implication of these 
findings is that substitution of the Phonological Discrimination and Rhyme/First Letter 
Sound sub-tests of the DEST is required in order to identify effectively those children at 
risk at an early age. 
Yopp (1988) makes suggestions in her review often phonological tests given to 
kindergarten children, reporting that three of the tests in her study had reliability 
coefficients of .90. This test reliability issue is of paramount importance in selecting 
items for use in screening young children who are at risk for reading failure. The tests 
that had high reliability coefficients appear to tap different levels of phonological 
processing complexity and therefore are likely to provide the most comprehensive 
approach to testing skills in young children without fear of a large percentage of ceiling 
effects as on the two DEST sub-tests. Three measures were identified by Yopp (1988) 
as offering the best predictors of learning rate in kindergarten children out of the ten 
measures of phonological awareness she assessed: (i) the Roswell-Chall (1959) phoneme 
blending test; (ii) the Y opp-Singet phoneme segmentation test (categorized as a test of 
simple phonemic awareness, that is sound isolation); and (iii) a more complex phoneme 
deletion task fron1 Btuce (1964), a test of con1pound phonemic awareness. The children 
in Study L 1 were younger than those in Yopp' s study and therefore there is the chance 
that all of these tests might not be suitable. This can be resolved by practical 
implementation of these as patt of the mandatory baseline screening of young children in 
their first tetm at school, which will enable an assessment of the possible floor and 
ceiling effects. If these baseline measures are then used as the basis for further 
longitudinal studies this would help to detetmine whether they can predict future literacy 
achievement when compared with the other measures which emerged from the 
longitudinal studies, notably Rapid Naming and Sound Order. 
In addition it may be preferable to repeat the procedure of using the phonological, rapid 
naming and temporal processes at each stage of a longitudinal study. This would 
enhance the understanding of their relationship between these skills and concurrent 
reading and spelling achievement as well as their ability to predict later attainment. 
There is not a single measure that provides the best level of prediction-in either of the 
studies even though the strongest predictor varied in each of the two studies, other 
measures provided powerful evidence for their continued use, especially letter naming 
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knowledge. In the longitudinal Study L1 level of attainment in letter naming knowledge 
was assessed at the end of the first year of formal schooling. This provided the 
opportunity to investigate which children were making satisfactory progress in this 
critical attainment measure. 
The practical application of utilising longitudinal studies is to ensure that the assessment 
of children's skills across the educational years goes beyond the mandatory baseline 
assessment, which has been in force since 1998. Although the Key Stage tests have 
some value in assessing children's attainment on a national basis this does not encourage 
schools to look more closely at which skills children are failing to develope between the 
first term in school and the end of Year 2 when children are aged 6 to 7. The school 
where the two longitudinal studies were undertaken has implemented regular bi-annual 
screening, which has resulted in much quicker identification of children's difficulties 
followed by a specialist teacher's assessment. Remediation is therefore an option sooner 
rather than later, with the children receiving support as young as 5 to 6. This would not 
have happened if strict adherence had been given to the British Psychological Society's 
Working Party report of the Division of Educational and Child Psychologists definition 
of dyslexia being 'evident when accurate and fluent word reading and/or spelling 
develops very incompletely or with great difficulty' (BPS, 1999, p.11). 
Whilst it is possible to say that one of the limitations of the phonological training 
programme was the restriction of educational grouping in Study Rl, more careful 
matching of variables in Study R2 had no positive effect on the participants' speed of 
processing. Remediating phonological and rapid naming skills appears to be very 
difficult given the constraints placed on practitioners as a consequence of funding and 
time available. However, fut1her research might elaborate on the phonological study by 
identifying children with phonological deficits, deliveting the different programmes to 
different children individually and reviewing the progress they make over a range of 
measures. In practice this would mean taking the children fi·om Group 1 who were at a 
similar level educationally demonstrated by the lack of reading and spelling skills in 
compadson to the other participants in the study and giving each a different programme 
of intervention. In this way the results could be analysed on the basis of much more 
careful matching of variables. Furthermore, identifying those dyslexics who are slow 
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and fast namers might enhance our understanding of what needs to be addressed in those 
children categorised by rapid naming deficits. 
Alternatively, n1ore careful matching of group variables, and an acceptance that to teach 
in small groups means different individual starting points, requires far more adaptation 
of each programme but might just produce significant results. An additional question 
that could be addressed by future research is whether the age at which the intervention 
begins has a more lasting effect on the outcome. In particular, the results from the 
Hatcher, Hulme and Ellis (1994) study with the group who received the phonology with 
reading intervention provided impressive results for 7 year-old delayed readers. 
However, they did note a diminished effect of the training after 9 months so careful 
monitoring of post-intervention results and periodic assessments might clatify the 
longevity of such training in continuing to demonstrate benefits. It is possible that 
training needs to be extended beyond the period of most training studies to ensure 
sustainable improvements over time. It relates to an issue of how much intervention is 
enough and this can only be answered by further training studies. 
Whatever the difficulties associated with reading deficits that are manifested by the rapid 
naming task remain a challenge. The predominance of the literature citing the core 
deficit in dyslexia as a phonological one has led to the approach of focusing energy on 
phonological intervention. But the fact that reading is a complex skill, that different and 
separable deficits have been found in several studies (Bowers & Wolf, 1993; McBridge-
Chang & Manis, 1996 Lovett, 1995; Wolf, 1991, 1997; Wolf & Bowers, 1999; Wolf, 
Bowers & Biddle, 2000;Wolf, Gidney, Lovett, Cirino & Morris, 2002) indicates that 
maybe other impoliant processing problems have been overlooked (Levy, Bourassi & 
Hotn, 1999). The approaches cited in the literature so far have failed to find a solution to 
the automaticity issue denoted by accurate and fluent word reading that requires no 
conscious effort on the part of the individual. This deficit does not appear to respond to 
the type of training tried to date. Moreover, the training studies so far have failed to 
show generalisations from a variety of methods and approaches across reading tasks. 
Again profiles of individuals' strengths and weaknesses might provide more 'information 
on which aspects to focus on. The fact that Bowers and Wolf(1993) argue that the 
largest percentage of children have a double-deficit and therefore logically the approach 
to remediation should focus on teaching a range of skills as in the RA VE-0 programme 
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mentioned above has worrying consequences for the progress of the small percentage of 
children with deficits indicated by rapid naming speed. One argument would be that 
these children do not need to spend vast amounts of tin1e on phonological skills, as they 
have no deficit in this area. There must be a concerted effot1 to investigate futther 
training of underlying processes thought to be associated with poor rapid naming. It is 
likely that these are the children who will go on to be classified as treatment resistors. 
The ability of verbal fluency tasks, especially the generation of alliterative responses, as 
well as the use of different rapid naming tasks to differentiate dyslexics from non-
dyslexics merits ftuther investigation. It is possible that the rhyming task results were 
attributable to a ceiling effect in the older participants. The inconsistencies in the results 
might be confirmed by replicating the study. The participants were grouped into 2-year 
spans because of the difficulty in finding sufficient numbers to be able investigate skills 
on a year-by-year basis. If it were possible to investigate skills on such tasks on a year-
by-year basis such a study might give a better indication of when ceiling effects become 
evident and explain some of the inconsistencies in older participants and provide 
information about inclusion of these tasks in assessment batteties. 
There also appears to be a gap in the research of verbal fluency skills in dyslexics and 
non-dyslexics between the ages of 16 and 21. The same could be claimed for the rapid 
naming study. Whilst the results differed, dependent on the type of stimuli used, 
including the object naming task is important in exploting language-associated 
difficulties that some individuals experience. The semantic aspect of naming objects 
watTants ftnther investigation in older participants but the ambiguity that some of the 
stimuli caused in the animal naming task in Study C2 needs attention. There does not 
appear to be support for utilising this particular task. It is probably better, therefore, to 
use the Phonological Assessment Battery's object naming task. This dispenses with 
complications caused by low frequency, polysyllabic words noted as causing problems 
in rapid naming (e.g. Katz, 1986). Inclusion of a digit naming task is approptiate as this 
alphanumeric task appears to provide the most robust evidence of differences in speed of 
naming. 
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A study which combined the rhyme fluency and alliteration fluency tests and rapid 
naming tasks would require some assessment of verbal ability. Whilst evidence from 
research suggests there is little suppott for naming speed being dependent on verbal 
ability (e.g. Spring & Capps, 1974; Spring & Davies, 1988) this cannot be said for the 
verbal fluency tasks, which are known to be related to intellectual ability (BAS etc.). 
Combining the tasks in an older cohort with the additional information of verbal ability 
and reading ability might enhance understanding of how these tasks can inform future 
work, especially the practical implications of intervention. 
5.5 Conclusions 
The value ofundettaking the longitudinal studies is evident by the apparent age-related 
measures which emerged as predictors of later attainment. There was impottant 
confitmation of rapid naming as a robust predictor of later ability especially amongst the 
beginning readers. The correlational data on rapid naming also provided some support 
to suggest that there may be a reciprocal relationship between rapid naming and reading 
ability. Of particular note was the emergence of the temporal processing task, with its 
possible link to alphabetic knowledge, as an important additional measure for use with 
pre-readers at the beginning of their fotmal education, not withstanding the fact that the 
underlying processes may be measuring a range of cognitive skills. Reading is a 
complex task and its successful acquisition relies on a number of different perceptual, 
cognitive and linguistic skills interacting together. 
Given the sound theoretical basis and empirical evidence to support the inclusion of 
phonological skills in the test battery it was disappointing that these measures were not 
effective at identifying the at risk children. This points to the need to select carefully the 
phonological tasks for inclusion in screening tests that go beyond the level of sensitivity 
that the phonological discrimination and rhyme tasks seem to tap in these cohorts. There 
is little point in including two tests, which appear to tap the same underlying skill/s. The 
evidence from these two longitudinal studies suggests the decision about which rhyme 
measure to use with vety young children remains unresolved as there appears to be value 
in detetmining the level of complexity of a phonological tasks based on the 
developmental progress that children are known to make. Care must be taken to 
establish the capability ofyoung children as a high proportion of floor or ceiling effects 
are counterproductive in providing useful infmmation about future attainment levels and 
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possible causal factors for literacy difficulties. Evidence of the ceiling effect in a 
number of the dyslexia-related measures was notable: Phonological Discrimination, 
Rhyme/First Letter Sound, and Letter Naming. However, this ceiling effect was not 
limited to the DEST sub-tests but was also evident in the Key Stage 1 tests of reading 
comprehension and mathematics in particular, but also to a lesser extent in spelling. 
Whilst this high percentage of children in the two cohorts might indicate they are 
performing well, in fact above the national average, Key Stage 1 tests do not 
differentiate the actual level of attainment of these children, as one would obtain from 
standardised and notm-referenced tests. Maybe this is unimpmiant if it is only a way of 
identifying those who are failing to acquire the skills. However, the levels attained in 
the Key Stage test may mask the hue predictors of attainment based on the initial 
screening test. One solution is to do away with the reading, comprehension, spelling and 
mathematics tests and make use of the vast research that has gone into standardised tests 
that appear to be better able to detem1ine level of attainment across the nation. This 
would provide a more comprehensive profile of national literacy levels than the current 
Key Stage 1 tests. 
The initial screening had the additional benefit of being able to identify those children 
who were falling behind their peers in literacy acquisition, impotiant for all young 
leatners to prevent the damaging effects of failure. Screening and intervention sooner 
rather than later followed on from the longitudinal studies, and seems to be an 
appropriate course of action. It allowed a much tnore comprehensive assessment to be 
recommended very early on rather than wait to discover which children failed at reading 
and spelling at a later date. It also provided the opportunity for undertaking one of the 
intervention studies with children in Year 1 somewhat sooner than other remediation 
studies outlined in this thesis. Both of the intervention studies highlighted and 
confitmed the difficulties of trying to remediate deficits. Grouping children for such 
studies is fraught with difficulties in practice because of the restticted number available 
that have substantial difficulties, especially at such an early age as those in Study R1. In 
addition, to base intervention on educational need might make common sense to the 
practitioner because additional suppoli is restricted by govetnment funding but it makes 
it very difficult to minimise any confounding factors likely to affect outcome. The 
lesson leatnt fi·om the first intervention study was put to use in extremely careful 
matching of variables for the second study. But in order to do this a much greater 
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number of dyslexics had to be tested in order to select participants for each of the groups. 
The outcome of assessing the efficacy of a programme designed to improve speed of 
processing confirmed findings from other researchers about the enduring and intractable 
difficulties of improving lexical access for those with reading difficulties. Time 
improved skills as might be expected; processing speed appeared to reach an optimal 
level beyond which further time on the intervention training is unlikely to have produced 
additional gains; and identifying and remediating underlying processes that cause rapid 
naming deficits remains a challenge. 
The existence of persistent difficulties in the dyslexic population was confim1ed by the 
cross-sectional studies. The verbal fluency measures provided evidence that generating 
words by their initial phoneme produced results that differentiated dyslexics from their 
non-dyslexic peers, as did the rapid naming measures, across a wide age range of school 
children in the con1pulsory education years. The studies built on and extended previous 
work in the area of phonological skills and rapid naming demonstrating overall an 
improvement with age. Alliteration fluency results were more consistent than those 
found in the rhyme fluency task. The usefulness of these two fluency measures needs to 
be extended in futther research studies. All the tasks in the rapid naming study 
differentiated dyslexics from non-dyslexics although the evidence for age-related 
improvements suggested some level of redundancy in both the colour and animal naming 
tasks. Age appears to be an important factor when choosing tasks to assess significant 
differences. 
229 
Section 6 
References 
Ackerman, P.T. (2001). The Double-Deficit Theory Of Reading Disability Does Not 
Fit All. Learning Disabilities Research and Practice, 16, 3,152-160. 
Acketman, P.T. & Dykman, R.A. (1993). Phonological Processes, Confrontational 
Naming, and Immediate Memory in Dyslexia. Journal of Learning Disabilities, 26, 597-
609. 
Acketman, P.T. & Dykman, R.A. (1996). The Speed Factor and Leatning Disabilities: 
The Toll of Slowness in Adolescents. Dyslexia, 2,1-21. 
Adams, M J. (1990). Beginning to Read: Thinking and leatning about print. 
Cambridge MA: MIT Press. 
Adams, M.J. & Btuck, M. (1993). Word recognition: The interface of educational 
policies and scientific research. Reading and Writing: An Interdisciplinary Journal, 5, 
113-139. 
Aleglia, J., Pignot, E. & Morais, J. (1982). Phonetic analysis of speech and memory 
codes in beginning readers. Memory and Cognition, I 0, 451-456. 
Baddeley, A. (1966). Short-term memory for word sequences as a function of acoustic 
semantic and fotmal similarity. Quarterly Journal of Experimental Psychology, 18, 262-
265. 
Baddeley, A. (1986). Working Memory. London: Oxford University Press. 
230 
Badian, N.A. (1993). Phonemic awareness, naming, visual symbol processing, and 
reading. Reading and Writing: An Interdisciplinary Journal,5, 87-100. 
Badian, N.A. (1994). Do Dyslexics and other poor readers differ in reading related 
cognitive skills? Reading and Writing, 6, 43-63. 
Badian, N.A. (1994). Preschool prediction: Otthographic and phonological skills, and 
reading. Annals of Dyslexia, 44, 3-25. 
Badian, N.A., Duffy, F.H., Als, H. & McAnulty, G.B. (1991). Linguistic Profiles of 
Dyslexic and Good Readers. Annals of Dyslexia, 41, 221-245. 
Badian, N. A., McAnulty, G. B., Duffy, F. H. & Als, H. (1990). Prediction of Dyslexia 
in Kindergatten Boys. Annals of Dyslexia, 40, 152-169. 
Ball, E.W. & Blachn1an, B.A. (1988). Phoneme segmentation training: Effect on 
reading readiness. Annals of Dyslexia, 38, 208-225. 
Ball, E.W. & Blachman, B.A. (1991). Does phoneme awareness training in 
kindergarten make a difference in early word recognition and developmental spelling? 
Reading Research Quarterly, 26,49-65. 
Beadle, C. & Hampshire, J. (1997). Star Track Reading and Spelling. London: WhutT 
Publishers Limited. 
Bishop, D.V.M. (1989). Unstable vergence control and dyslexia- a critique. British 
Journal of Ophthalmology, 73, 223-245. 
Bishop, D.V.M., Carlyon, R.P., Deeks, J.M. & Bishop, S.J. (1999). Auditory temporal 
processing itnpahment: Neither necessary nor sufficient for causing language 
impaitment in children. Journal of Speech, Language, and Hearing Research, 42, 1295-
1310. 
231 
Blachman, B. A. (1984). Relationship of Rapid Naming Ability and Language Analysis 
Skills to Kindergarten and First-Grade Reading Achievement. Journal of Educational 
Psychology, 76, 4, 601-622. 
Bond, G.L. & Dykstra, R. (1967). The cooperative research program in first-grade 
reading instruction. Reading Research Quarterly, 2, 5-142. 
Bower, P.G., Steffy, R.A. & Tate, E. (1988). Comparisons of the effects ofiQ control 
methods on memory and naming speed predictors of reading disability. Reading 
Research Quarterly, 23, 304-319. 
Bowers, P.G. & Swanson, L.B. (1991). Naming Speed Deficits in Reading Disability: 
Multiple Measures of a Singular Process. Journal of Educational and Child Psychology, 
51, 195-219. 
Bowers, P. G. & Wolf, M. (1993). Theoretical links among naming speed, precise 
timing mechanisms and orthographic skill in dyslexia. Reading and Writing: An 
Interdisciplinary Journal, 5, 69-85. 
Bradley, L. & Bryant, P.E. (1978). Difficulties in auditory organisation as a possible 
cause of reading backwardness. Nature, 271, 746-747. 
Bradley, L. & Bryant, P.E. (1983). Categorising sounds and lea1ning to read: A causal 
connection. Nature, 301, 419-421. 
Bradley, L. & Bryant, P.E. (1985). Rhyme and reason in reading and spelling. 
Inte1national Academy for Research in Learning Disabilities. Monograph Series, No.1, 
Ann Arbor, MI:University of Michigan Press. 
Brady, S. & Shankweiler, D. (1991). Phonological Processes in Literacy. New Jersey: 
Lawrence Erlbaum Associates. 
232 
- - - ＭＭＭＭＭＭＭＭＭ ＭＭＭＭＭｾ＠
Breitmeyer, B.G. (1993). Sustained (P) and transient (M) channels in vision: A review 
and implications for reading. In D.M. Willows, R.S. Kruk & E. Corcos (Eds.) Visual 
Processes in Reading and Reading Disabilities (pp.95-110). Hillsdale, NJ: Lawrence 
Erlbaum Associates. 
British Psychological Society (1999). Dyslexia, Literacy and Psychological Assessment. 
Report of a working party of the Division of Educational and Child Psychology. 
Leicester: Author. 
Brown, I.S. & Felton, R.H. (1990). Effects ofinstluction on beginning reading skills in 
children at risk for reading disability. Reading and Writing: An Interdisciplinary 
Journal, 2, 223-241. 
Btuce, D.J. (1964). The analysis of word sounds. British Journal of Educational 
Psychology, 34, 158-170. 
Bruck, M. (1990). Word-recognition Skills in Adults With Childhood Diagnoses of 
Dyslexia. Developmental Psychology, 26, 3, 439-454. 
Btuck, M. (1992). Persistence of Dyslexics' Phonological Awareness Deficits. 
Developmental Psychology, 28, 5, 874-886. 
Bruck, M. (1998). Outcomes of Adults With Childhood Histories of Dyslexia. In C. 
Hulme & R.M. Joshi (Eds.) Reading and Spelling: Development and Disorders (pp.179-
200). London: Lawrence Erlbaum Associates. 
Bryant, P.E. & Bradley, L. (1985). Children's reading difficulties. Oxford: Blackwell. 
Bryant, P., Bradley, L., Maclean, M. & Crossland, J. (1989). Nursety rhymes, 
phonological skills and reading. Journal of Experimental Child Psychology, 35, 
345-367. 
233 
Bunn, T. (1995). The Fluency Test. Education and Child Psychology, 12, 46-49. 
Byrne, B. (1992). Studies in the acquisition procedure for reading: Rationale, 
hypotheses, and data. In P.B. Gough, L.C. Ehri & R. Treiman (Eds.) Reading 
acquisition (pp.1-34). Hillsdale, NJ: Lawrence Erlbaum Associates. 
Byrne, B. & Fielding-Batnsley, R. (1989). Phonemic awareness and letter knowledge in 
the child's acquisition of the alphabetic principle. Journal of Educational Psychology, 
81' 313-321. 
Byrne, B., Fielding-Batnsley, R., Ashley, L. & Larsen, K. (1997). Assessing the Child's 
and the Environment's Conttibution to Reading Acquisition: What We Know and What 
We Don't Know. In B. Blachman (Ed.) Foundations of Reading Acquisition and 
Dyslexia: Implications for Early Intervention (pp.265-285). London: Lawrence Erlbaum 
Associates. 
Calfee, R.C., Chapman, R. & Venezsky, R. (1972). How a child needs to think to leatn 
to re.ad. In L.W. Gregg (Ed.) Cognition in learning and memory (pp.l39-182). New 
York: Wiley. 
Cataldo, S. & Ellis, N.C. (1988). Interactions in the development of spelling, reading 
and phonological skills. Journal of Research in Reading, 11, 86-109. 
Cataldo, S. & Ellis, N.C. (1990). Leatning to spell, learning to read. In P.D. Pumfrey 
and C.D. Elliot (Eds.) Children's Difficulties in Reading, Spelling and Writing. 
Basingstoke: Falmer Press. 
Catts, H.W., Gillispie, M., Leonard, L.B., Kail, R.V. & Miller, C.A. (2002). The Role 
of Speed ofProcessing, Rapid Naming, and Phonological Awareness in Reading 
Achievement. Journal of Learning Disabilities, 35, 6, 509-525. 
Chall, J. (1967). Learning to read: The great debate. New York: McGraw-Hill. 
234 
Colheart, M. (1978). Lexical access in single reading tasks. In G. Undetwood (Ed.) 
Strategies of Information Processing. London Academic Press. 
Conrad, R. (1964). Acoustic confusions in inlll1ediate memory. British Journal of 
Psychology, 55, 75-84. 
Crawford, J.R., Moore, J.W. & Cameron, I.M. (1992). Verbal fluency: A NART based 
equation for the estimation of pre morbid perfotmance. British Journal of Clinical 
Psychology, 31, 327-329). 
Critchley, M. (1970). The Dyslexic Child. London: Heinemann Medical Books. 
Cunningham, A.E. (1990). Explicit versus Implicit Insttuction in Phonemic Awareness. 
Journal of Experimental Child Psychology, 50, 429-444. 
Cossu, G., Shank:weiler, D., Liberman, I. Y., Katz, L. & Tola, G. (1988). Awareness of 
phonological segments and reading ability in Italian children. Applied Psycholinguistics, 
9, 1-16. 
Davies, J., Brember, I. & Pun1fi:ey, P. (1995). The first and second reading Standard 
Assessment Tasks at Key Stage 1: a comparison based on a five-school study. Journal 
of Research in Reading, 18, 1-9. 
DeJong, P.F. & van der Leij, A. (1999). Specific Contributions of Phonological 
Abilities to Early Reading Acquisition: Results from a Dutch Latent Variable 
Longitudinal Study. Journal of Educational Psychology, 91, 3, 450-476. 
DeJong, P.F. & van der Leij, A. (2003). Developmental Changes in the Manifestation 
of a Phonological Deficit in Dyslexic Children Learning to Read in a Regular 
Orthography. Journal of Educational Psychology, 95, 1, 22-40. 
Denckla, M.B. (1972). Colour-naming defects in dyslexic boys. Cortex, 8, 
164-176. 
235 
Denckla, M.B. & Rudel, R.G. (1974). Rapid Automatized Nan1ing of pictured objects, 
colours, letters and numbers by notmal children. Cortex, 10, 186-202. 
Denckla, M.B. & Rudel, R.G. (1976). Rapid automatized naming (R.A.N.): Dyslexia 
differentiated fi·om other learning disabilities. Neuropsychologia, 14, 4 71-4 79. 
Department for Education and Employment (1994). Code of Practice on the 
Identification and Assessment of Special Educational Needs. London: HMSO. 
Department for Education and Employment (1998). The National Literacy Strategy: 
Framework for Teaching. London: HMSO. 
Department for Education and Skills (2001). Code of Practice on the Identification and 
Assessment of Special Educational Needs (revised 2"d edition). London: HMSO. 
Duncan, L., Seymour, P .H.K. & Hill, S. (1997). How important are rhyme and analogy 
in beginning reading? Cognition, 63, 171-208. 
Dunn, L.I.M. & Dunn, L.M, Whetton, C. & Burley, J. (1997). British Picture 
Vocabulary Scale, 2nd edn. (BPVS-II). Windsor, Berks: NFER-NELSON. 
Ehri, L.C. (1979). Linguistic insight: Threshold or reading acquisition. In T.G. Waller 
& G.E. MacKinnon (Eds.), Reading Research: Advances in Theory and Practice (pp.l-
33). New York: Academic Press. 
Ehri, L.C. (1980). The development of orthographic images. In U. Frith (Ed.) 
Cognitive Processes in Spelling (pp.311-338). London: Academic Press. 
Ehri, L.C. (1983). Summaries and a critique of five studies related to letter-name 
knowledge and learning to read. In L. Gentile, M. Kamil & J. Blanchard (Eds.) Reading 
Research Revisited (pp.131-153). Columbus, Ohio: C.E. Merill. 
236 
Ehri, L.C. (1985). Sources of difficulty in learning to spell and read. In M.L.Wolraich 
and D. Routh (Eds.) Advances in Developmental and Behavioural Paediatrics (pp.121-
195). Greenwich, CT: Jai Press Inc. 
Ehri, L.C. (1989). The development of spelling knowledge and its role in reading 
acquisition and reading disability. Journal of Learning Disabilities, 22, 356-365. 
Ehri, L.C. (1992). Reconceptualising the development of sight word reading and its 
relationship to recoding. In P.B. Gough, L.C. Ehri, & R. Treiman (Eds.) Reading 
acquisition (pp.107-143). Hillsdale, NJ: Erlbaum. 
Ehri, L.C. (1999). Phases of development in leatning to read words. In J. Oakhill & R. 
Beard (Eds.) Reading development and the teaching of reading: A psychological 
perspective, (pp.79-108). Oxford: Blackwell. 
Ehri, L.C. & Wilce, L.S. (1985). Movement into Reading: Is the first stage of printed 
word leatning visual or phonetic? Reading Research Quarterly, 20, 163-179. 
Elbro, C. (1998). When reading is "readn" or somthn. Distinctness of phonological 
representations of lexical items in notmal and disabled readers. Scandinavian Journal 
of Psychology, 39, 149-153. 
Elbro, C., Borstr0m, I. & Petersen, D.K. (1998). Predicting dyslexia from kindergarten: 
The importance of distinctness of phonological representations of lexical items. Reading 
Research Quarterly, 33, 33-66. 
Elkonin, D.B. (1973). U.S.S.R. In J. Downing (Ed.) Comparative Reading. New York: 
Macmillan. 
Elliott, C.D., Munay, D.J. & Pearson, L.S. (1983). British Ability Scales. Windsor: 
NFER-Nelson. 
Elliott, C.D., Munay, D.J. & McCulloch, K. (1992). British Ability Scales, {2nd edn). 
{BAS II). Windsor: NFER-Nelson. 
237 
Ellis, A.W. (1995). Reading, Writing and Dyslexia: a Cognitive Analysis, (2"d edn). 
Hove: Lawrence Erlbaum Associates. 
Ellis, N.C. & Cataldo, S. (1990). The role of spelling in learning to read. Language 
and Education, 4, 1-28. 
Ellis, N.C. & Large, B. (1987). A lexical encoding deficiency 1: Experimental evidence. 
In G. Th. Pavlidis & T.R. Miles (Eds.) Dyslexia Research and Its Application to 
Education. Chichester: Wiley. 
Everatt, J. (1997). The abilities and disabilities associated with adult developmental 
dyslexia. Journal of Research in Reading, 20, 13-21. 
Everatt, J. (Ed.) (1999). Reading and Dyslexia: Visual and Attentional Processes. 
London: Routledge. 
Everatt, J. (2002). Visual Processes. In G. Reid & J. Wearmouth (Eds.) Dyslexia and 
Literacy: Theory and Practice (pp.85-98). 
Everatt, J., Bradshaw, M.F. & Hibbard, P.B. (1999). Visual processing and dyslexia, 
Perception, 28, 243-254. 
Fawcett, A.J. & Nicolson, R. (1994c). Naming speed and dyslexia. Journal of 
Learning Disabilities, 27, 641-646. 
Fawcett, A. J. & Nicolson, R.I. (Eds.) (1994). Dyslexia in Children: Multidisciplinmy 
Perspectives. London: Harvester Wheatsheaf. 
Fawcett, A.J., & Nicolson, R.I. (1994). Naming Speed in Children with Dyslexia. 
Journal ofEearning Disabilities, 27, 10, 641-646. 
Fawcett, A. J. & Nicolson, R.I. (1996). Dyslexia Early Screening Test. London: The 
Psychological Corporation. 
238 
Fawcett, A.J. & Nicolson, R.I. (2001). Dyslexia as a leatning disability. In A. Fawcett 
(Ed.) Dyslexia: Theory & Good Practice (pp.141-159). London: Whurr Publishers 
Limited. 
Fawcett, A. J., Singleton, C.H. & Peer, L. (1998). Advances in Early Years Screening 
for Dyslexia in the United Kingdom. Annals of Dyslexia, 48, 57-88. 
Felton, R.H. (1992). Early Identification of Children at Risk for Reading Disabilities. 
Top Early Child Special Education, 12, 2, 212-290 
Felton, R. H. & Brown, I. S. (1990). Phonological Processes as Predictors of Specific 
Reading Skills in Children at Risk of Reading Failure. Reading and Writing: An 
Interdisciplinary Journal, 2, 39-59. 
Felton, R.H., Naylor, C.E. & Wood, F.B. (1990). Neuropsychological profile of adult 
dyslexics. Brain and Language, 39, 485-497. 
Felton, R.H. & Wood, F.B. (1989). Cognitive deficits in reading disability and attention 
deficit disorder. Journal of Learning Disabilities, 22, 3-22. 
Fletcher, J. M., Shaywitz, Sally E., Shankweiler, D. P., Katz, L., Liberman, I. Y., 
Stuebing, K. K., Francis, D.J., Fowler, A.E. & Shaywitz, B. A. (1994). Cognitive 
Profiles of Reading Disability: Comparisons of Discrepancy and Low Achievement 
Definitions, Journal of Educational Psychology, 86, 1, 6-25. 
Poorman, B.R., Francis, D.J., Fletcher, J.M., Schatschneider, C. & Mehta, P. (1998). 
The role of instruction in leatning to read: Preventing reading failure in at-risk children. 
Journal of Educational Psychology, 90, 37-55. 
France, N. & Cotnwall, K. (1997). Group Reading Test II 6-14 Series. Windsor, Berks: 
ｎｆｅｒｾｎ･ｬｳｯｮＮ＠
239 
Frederickson, N., Frith, U. & Reason, R. (1997). The Phonological Assessment Battery. 
Windsor: NFER-Nelson. 
Frith, U. (1985). Beneath the surface of developmental dyslexia. In K. Patterson, M. 
Colheatt & J. Marshall (Eds.) Surface Dyslexia: Neuropsychological and Cognitive 
Studies of phonological Reading (pp.301-30). Hove: Lawrence Erlbaum Associates. 
Frith, U.- (1997). Brain, mind and behaviour in dyslexia. In C. Hulme & M. Snowling 
(Eds.) Dyslexia: Biology, Cognition and Intervention (pp.1-19). London: Whurr 
Publishers Limited. 
Frith, U. (2002). Resolving the Paradoxes of Dyslexia. In G. Reid & J. Wearmouth 
(Eds.) Dyslexia and Literacy: Theory & Practice (pp.45-68). Chichester: Wiley. 
Frith, U., Landed, K. & Frith, C. (1995). Dyslexia and Verbal Fluency: More Evidence 
for a Phonological Deficit. Dyslexia, 1, 2-11. 
Gallagher, A., Frith, U. & Snow ling, M.J. (2000). Precursors of Literacy Delay among 
Children at Genetic Risk of Dyslexia. Journal of Child Psychology and Psychiatry, 41, 
203-213. 
Gathercole, S.E. & Baddeley, A.D. (1996). The Children •s Test ofNonword Repetition. 
San Diego, CA: The Psychological Corporation. 
Gathercole, S.E. & Pickering, S.J. (2000). Working memory deficits in children with 
low achievements in the national cuniculum at 7 years of age. British Journal of 
Educational Psychology, 70, 177-194. 
Geschwind, N. (1965). Disconnection syndrome in animals and man (Pats I, II). Brain, 
88, 237-294, 585-644. 
Geschwind, N. {1974). Selected papers on language and the brain. D. Reidel: 
Dordrecht, Holland. 
240 
Goodman, K.S. (1976). Reading: A psycholinguistic guessing game. In H. Singer & B. 
Ruddell (Eds.) Theoretical models and processes in reading (pp.497-508). Newark DE: 
Inten1ational Reading Association. 
Goswami, U. (1986). Children's use of analogy in leatning to spell. Journal of 
Experimental Child Psychology, 42, 73-83. 
Goswami, U. (1990). A special link between rhyming skill and the use ofotihographic 
analogies by beginning readers. Journal of Child Psychology and Psychiat1y, 31, 301-
311. 
Goswami, U. (1999). Causal connections in beginning reading: the importance of 
rhyme, Journal of Research in Reading, 22, 2, 217-240. 
Goswami, U. (1999). Integrating Orthographic and Phonological Knowledge as 
Reading Develops: Onsets, Rin1es and Analogies in Children's Reading. In R.M. Klein 
and P. McMullen (Eds.) Converging Methods for Understanding Reading and Dyslexia 
(pp.57-75). Cambridge, Massachusetts: MIT Press. 
Goswami, U. & Bryant, P.E. (1990). Phonological Skills and Learning to Read. Hove: 
Psychology Press Ltd. 
Gottardo, A., Stanovich, K.E. & Siegel, L.S. (1996). The Relationship between 
Phonological Sensitivity, Syntactic Processing, and Verbal Working Memory in the 
Reading Perfotmance ofThird Grade Children. Journal of Experimental Child 
Psychology, 63, 563-582. 
Gottardo, A, Siegel, L.S. & Stanovich, K.E. (1997). The assessment of adults with 
reading disabilities: what can we learn from experimental tasks? Journal of Research in 
Reading, 20, 42-54. 
Gough, P.B., Ehri, L.C. & Treiman, R. (Eds.) (1992). Reading Acquisition. London: 
Lawrence Erlbaum Associates. 
241 
Gough, P. & Hillinger, M. (1980). Learning to read: An unnatural act. Bulletin of the 
Orton Society, 30, 179-196. 
Gough, P., Juel, C. & Griffiths (1992). Reading, Spelling, and Orthographic Cipher. In 
Gough, P. B., Ehri, L.C. & Treiman, R. (Eds.) Reading Acquisition, 35-48, Lawrence 
Erlbaum Associates, New Jersey. 
Gough, P. & Tunmer, W.E. (1986). Decoding, reading and reading disability. Remedial 
and Special Education, 7, 6-10. 
Goulandris, N., Mcintyre, A., Snowling, M.J., Bethel, J.M. & Lee, J.P. (1998). A 
comparison of dyslexic and normal readers using orthoptic assessment procedures. 
Dyslexia, 4, 30-48. 
Hanley, J.R. (1997). Reading and spelling impailments in undergraduate students with 
developmental dyslexia. Journal of Research in Reading, 20, 1, 22-30. 
Harm, M. & Seidenberg, M.S. (1999). Reading acquisition, phonology, and dyslexia: 
Insights from a connection model. Psychological Review, 106, 491-528. 
Hatcher, P. (1994). Sound Linkage: An integrated programme for overcoming reading 
difficulties. London: Whurr Publishers Limited. 
Hatcher, P., Hulme, C. & Ellis, A.W. (1994). Ameliorating early reading failure by 
integrating the teaching of reading and phonological skills: The phonological linkage 
hypothesis. Child Development, 65, 41-57. 
Hatcher, J., Snow ling, M.J. & Griffiths, Y.M. (2002). Cognitive assessment of dyslexic 
students in higher education. British Journal of Educational Psychology, 72, 119-133. 
Hogben, J.H. (1997). How does a visual transient deficit affect reading? In C. Hulme 
& M. Snow ling (Eds.) Dyslexia: Biology, Cognition and Intervention (pp.59-71 ). 
London: Whurr Publishers Limited. 
242 
Hulme, C. & Roodenrys, S. (1995). Practitioner review: Verbal memory development 
and its disorders. Journal of Child Psychology and Psychiatry, 36, 373-398. 
Irlen, H. (1991). Reading by the Colours. New York: Avery. 
Jastak, S. & Wilkinson, G.S. (1993). Wide Range Achievement Test 3. Wilmington: 
Jastak Associations. 
Johnston, R.S. (1998). The Role of Letter Leatning in Developing Phonemic 
Awareness Skills in Preschool Children: Implications for Explanations of Reading 
Disorders. In C. Hulme & M.R. Joshi, R. Reading and Spelling: Development and 
Disorders (pp.287-301). Hillsdale, NJ: Lawrence Erlbaum Associates. 
Jonn, A.F. (1983). Specific reading retardation and working memory: A review. 
British Journal of Psychology, 7 4, 311-342. 
Jorm, A.F. & Share, D.L. (1983). Phonological reading and reading acquisition. 
Applied Psycho linguistics, 4, 104-14 7. 
Jorm, A.F., Share, D.L., Maclean, R., & Matthews, R. (1984). Phonological 
confusability in short-tetm memory for sentences as predictor of reading ability 
British Journal of Psychology, 75, 393-400. 
Juel, C. (1988). Leatning to read and write: A longitudinal study of fifty-four children 
from first through fourth grade. Journal of Educational Psychology, 80, 437 .. 447, 
Juel, C. (1991a). Beginning reading. In R. Barr, M.L. Kamil, P.D.Pearson and P. 
Mosenthal (Eds.) Handbook of Reading Research vol2 (pp.759-788).· New York, NY: 
Longman. 
Juel, C. (1991b). Cross-age tutoring between student athletes and at-risk children. The 
Reading Teacher, 45, 178-186. 
243 
Kail, R. (1991). Developmental Change in Speed of Processing During Childhood and 
Adolescence. Psychological Bulletin, 109, 490-501. 
Kail, R. & Hall, L. (1994). Processing Speed, Naming Speed, and Reading 
Developmental Psychology, 30, 949-954. 
Katz, R. (1986). Phonological deficiencies in children with reading disability: evidence 
from an object naming task. Cognition, 22, 225-257. 
Katz, R.B., Healy, A.F. & Shankweiler, D. (1983). Phonetic coding and order memory 
in relation to reading proficiency: A comparison of short-tetm memory for temporal and 
spatial order information. Applied Psycholinguistics, 4, 229-250. 
Kinnear, P.R. & Gray, C.D. (1999). SPSSfor Windows made simple ( 3rd edn.) Hove, 
UK: Psychological Press. 
Korhonen, T. (1995). The persistence of rapid naming problems in children with 
reading disabilities: A nine year follow-up. Journal of Learning Disabilities, 28, 232-
239. 
LaBerge, D. & Samuels, S. (1974). Towards a theory of automatic information 
processing. Cognitive Psychology, 6, 293-323. 
Landed, K. & Wimmer, H. (2000). Deficits in phoneme segmentation are not the core 
problem of dyslexia: Evidence fi.·om German and English children. Applied 
Psycholinguistics, 21, 243-262. 
Lemoine, H.E., Levy, B.A., & Hutchinson, A. (1993). Increasing the naming speed of 
poor readers: representations fotmed across repetitions. Journal of Experimental Child 
Psychology, 55, 297-328. 
Lesgold, A. & Perfetti, C. (1978). Interactive processes in reading comprehension. 
Discourse Processes, 1, 323-336. 
244 
Lewkowicz, N.A. (1980). Phonemic awareness training: What to teach and how to 
teach it. Journal of Educational Psychology, 72, 686-700. 
Libetman, I.Y. & Shankweiler, D. (1985). Phonology and the problems of learning to 
read and write. Remedial and Special Education, 6, 8-17. 
Liberman, I.Y., Shankweiler, D., Fischer, F.W. & Carter, B. (1974). Explicit syllable 
and phoneme segmentation in the young child. Journal of Experimental Psychology, 
18, 201-222. 
Liberman, I.Y., Shankweiler, D., Liberman, A.M., Fowler, C. & Fischer, F.W. (1977). 
Phonetic segmentation and recoding in the beginning reader. In A.S. Reber & D.L. 
Scarborough (Eds.) Towards a psychology of reading (pp.207-226). Hillsdale, NJ: 
Lawrence Erlbaum Associates. 
Lindsay, G. (1998). Baseline Assessment: a positive or malign initiative? In B. 
Notwich & G. Lindsay (Eds.) Baseline Assessment. Tamworth: National Association for 
Special Educational Needs. 
Lovegrove, W.J. (1996). Dyslexia and a transient/magnocellular pathway deficit: The 
current situation and future directions. Australian Journal of Psychology, 48. 167-171. 
Lovett, M.W. (1987). A developmental approach to reading disability: Accuracy and 
speed criteria ofnotmal and efficient reading skill. Child Development, 58, 234-260. 
Lovett, M.W. (1992). Developmental dyslexia. In F. Boller & J. Grafinan (Eds.) 
Handbook of Neuropsychology, 7, (pp.163-185). Amsterdam: Elsevier. 
Lovett, M.W., Steinbach, K.A. & Frijters, J.C. (2000). Remediating the core deficits of 
developmental reading disability: A double-deficit perspective. Journal of Learning 
Disabilities, 33, 4, 334-358. 
245 
Lundberg, I., Frost, J. & Petersen, O.P. (1988). Effects of an extensive program for 
stimulating phonological awareness in pre-school children. Reading Research Quarterly 
23, 263-284. 
Lundberg, 1., & Hoien, T. (2001). Dyslexia and phonology. In A.J. Fawcett (Ed.) 
Dyslexia: Theory & Good Practice, (pp.1 09-123). London: WhutT Publishers Limited. 
Lundberg, I., Olofsson, A. & Wall, S. (1980). Reading and spelling skills in the first 
school years predicted from phonemic awareness in kindergarten. Scandinavian Journal 
ofPsychology, 21, 159-173. 
Lyon, G.R. & Chhada, V. (2004). What research says about reading. Educational 
Leadership, 61, 2-17. 
Lyon, G.R. & Moats, C. (1997). Critical Conceptual and Methodological 
Considerations in Reading Intervention Research. Journal of Learning Disabilitie, 30, 
578-588. 
Maclean, M., Bryant, P.E. & Bradley, L. (1987). Rhymes, nursery rhymes and reading 
in early childhood. Merrill-Palmer Quarterly, 33, 255-282. 
Macmillan, B.M. (2002). Rhyme and reading: a critical review of the research 
methodology. Journal of Research in Reading, 25, 4-42. 
Mann, V.A. (1984). Longitudinal prediction and prevention of early reading 
difficulties. Annals of Dyslexia, 34, 115-136. 
Mann, V.A. & Libem1an, I.Y. (1984). Phonological Awareness and Verbal Short-Term 
Memory. Journal of Learning Disabilities, 27, 592-599. 
Manis, F.R., Custodio, R. & Szeszulski, P.A. (1993). Development of phonological and 
orthographic skill: A 2-year longitudinal study of dyslexic children. Journal of 
Experimental Child Psychology, 56, 64-86. 
246 
Marsh, G., Friedn1an, M., Welch, V. & Desberg, P. (1981). A cognitive development 
theory of reading acquisition. In G.E. MacKinnon and T.G. Waller (Eds.) Reading 
Research: Advances in Theory and Practice, (pp.199-221). Vol. 3, New York, Academic 
Press. 
Marshall, C.M., Snowling, M.J. & Bailey, P.J. (2001). Rapid Auditmy Processing and 
Phonological Ability in Notmal Readers and Readers With Dyslexia. Journal of Speech, 
Language, and Hearing Research, 44, 925-940. 
Mason, J. (1980). When do children begin to read: An exploration of four-year-old 
children's letter and word reading competencies. Reading Research Quarterly, 15, 203-
227. 
Mattingly, I. G. (1980). Reading, the linguistic process and linguistic awareness. In J. 
Kavanagh & I. Mattingly (Eds.) Language by ear and by eye (pp.133-147). Cambridge 
MA: MIT Press. 
Mattingly, I. G. (1991). Modularity, working memoty and reading disability. InS. 
Brady and D. Shankweiler (Eds.) Phonological Processes in Literacy: A tribute to 
Isabelle Liberman (pp.163-171 ). 
McBride-Chang, C. & Manis, L. (1996). Phonological Processing Skills and Print 
Exposure: Correlates of Word Reading in Children Ages 9 to 16. Reading and Writing 
Quarterly: Overcoming Learning Difficulties, 12, 4, 385-400. 
Meyer, M.S., Wood, F.B., Hart, L.A. & Felton, R.H. (1998). Longitudinal Course in 
Rapid Naming in Disabled and Nondisabled Readers. The International Dyslexia 
Association, 48, 91-114. 
Meyer, M.S., Wood, F.B., Hart, L.A. & Felton, R.H. (1998). The selective predictive 
values in rapid automatized naming within poor readers. Journal of Learning 
Disabilities, 31, 106-117. 
247 
Miles, T.R. (1993). Dyslexia: The Pattern of Difficulties (Second Edition). London 
Whun· Publishers Limited. 
Miles, T.R., Haslum, M.N. & Wheeler, T.J. (1998). Gender ratio in dyslexia. Annals of 
Dyslexia, 48, 27-55. 
Miles, T. & Miles, E. (2001). Dyslexia: a hundred years on (2nd edn). Milton Keynes: 
Open University Press. 
Mody, M, Studdeti-Kennedy, M. & Brady, S. (1997). Speech perception deficits in 
poor readers: Auditory processing or phonological coding? Journal of Experimental 
Child Psychology, 58, 112-133. 
Morais, J., Cary, L., Alegrai, J. & Betielson, P. (1979). Does awareness of speech as a 
sequence of phones arise spontaneously? Cognition, 7, 323-331. 
Motion, J. & Frith, U. (1995). Causal modelling: A stt.uctural approach to 
developmental psychopathology. In D. Cicchetti & D.J. Cohen (Eds.) Manual of 
Developmental Psychopathology (pp.357-390). NY Psychological Assessment of 
Dyslexia: Wiley. 
Muter, V. (1994). Influence of phonological awareness and letter knowledge on 
beginning reading and spelling development. In C. Hulme & M Snowling (Eds.) 
Reading Development and Dyslexia (pp.45-62). London: Whurr Publishers Ltd. 
Muter, V. (1998). Phonological awareness: Its nature and its influence over early 
literacy development. In C. Hulme & R.M. Joshi (Eds.) Reading and Spelling: 
Development and Disorders (pp.113-125). London: Lawrence Erlbaum Associates. 
Muter, V., Huhne, C. & Snowling, M. (1996). Phonological Abilities Test. London: 
The Psychological Corporation. 
248 
Muter, V., Hulme, C., Snowling, M.J. & Taylor, S. (1998). Segmentation, not rhyming, 
predicts early progress in learning to read. Journal of Experimental Child Psychology, 
71, 3-27. 
Muter, V. & Snowling, M.J. (1998). Concu11'ent and longitudinal predictors of reading: 
The role ofmetalinguistic and short-term memory skills. Reading Research Quarterly, 
33, 320-337. 
Naslund, J. & Schneider, W. (1991). Longitudinal effects of verbal ability, memory 
capacity, and phonological awareness on reading perfotmance. European Journal of 
Psychology in Education, 4, 375-392. 
Naslund, J. & Schneider, W. (1996). Kindergarten Letter Knowledge, Phonological 
Skills, and Memory Processes: Relative Effects on Early Literacy. Journal of 
Experimental Child Psychology, 62, 30-59. 
Nation, K. & Snowling, M.J. (1998). Individual differences in contextual facilitation: 
Evidence frmn dyslexia and poor reading cmnprehension. Child Development, 69, 996-
1011. 
Nation, K. & Snowling, M.J. (1999). Developmental differences in sensitivity to 
semantic relations among good and poor comprehenders: Evidence from semantic 
priming. Cognition, 70, 1-13. 
Neale, M.D. (1997). Neale Analysis of Reading Ability, revised (NARA-II; 2nd revised 
British edn. Standardisation by Whetton, C., Caspall, L, McCulloch, K. Windsor: 
NFER-Nelson. 
Nesdale, A.R., He11'iman, M.L. & Tunmer, W.E. (1984). Phonological awareness in 
children. In W.E. Tunmer, C. Pratt & M.L. He11'iman (Eds.) Metalinguistic awareness in 
children (pp.56-72). New York: Springer Verlag. 
Newton, M. & Thomson, M. E. (1982). The Aston Index. Wisbech: Learning 
Development Aids. 
249 
Nicolson, R. & Fawcett, A.J. (1990). Automaticity: A New Framework for Dyslexia 
Research. Cognition, 35, 159-182. 
Nicolson, R.I. & Fawcett, A.J. (1995). Dyslexia is more than a phonological 
disability. Dyslexia: An International Journal of Research and Practice, 1, 19-36. 
Nicolson, R.I. & Fawcett, A.J. (1996). Dyslexia Early Screening Test. London: The 
Psychological Corporation. 
Nicolson, R.I. & Fawcett, A.J. ( 1999). Developmental dyslexia: the role of the 
cerebellum. Dyslexia, 5,155-177. 
Nicolson, R.I. & Fawcett, A.J. (2001). Dyslexia as a leatning disability. In A. Fawcett 
(Ed.) Dyslexia: Theory & Good Practice (pp.141-159). London: Whurr Publishers 
Lin1ited. 
Nicolson, R.I., Fawcett, A. J., Moss, H., Nicolson, M. K. & Reason, R. (1999). Early 
reading intervention can be effective and cost-effective. British Journal of Educational 
Psychology, 69,47-62. 
Nittrouer, S. (1999). Do temporal processing deficits cause phonological processing 
problems? Journal of Speech, Language, and Hearing Research, 42, 925-942. 
Oakhill, J. (1995). Development in Reading. In V. Lee & P. Das Gupta (Eds.) 
Children's Cognitive and Language Development, (pp.270-299). Milton Keynes: The 
Open University Press. 
Olson, R.K., Kliegel, R., Davidson, B.J. & Foltz, G. (1985). Individual and 
developmental differences in reading disability. In G.E. MacKinnon & T.G. Waller 
(Eds.) Reading research: Advances in theory and practice (pp.l-64). New York: 
· Academic Press. 
Olson, R.K., Wise, B.W. & Rack, J.P. (1989). Dyslexia: Deficits, Genetic Aetiology 
and Computer-based remediation. The Irish Journal of Psychology, 10, 494-508. 
250 
ＭＭＭＭＭＭＭＭｾＭ ＭＭＭＭＭ ＭＭＭＮＮＺＮＮＮＮ｟＠ __________________ -- ------ --
Orton Society (1995). Definitions of dyslexia; report from committee of members. 
Perspective, 21, 16-17. 
Ottley, P. & Bennett, L. (1997). Launch into Reading Success. Sidcup, Kent: The 
Psychological Corporation. 
Pavlidis, G.Th. (1981). Sequencing, eye movements and the early objective diagnosis 
of dyslexia. In G.Th. Pavlidis & T.R. Miles (Eds.) Dyslexia Research and its 
Application to Education. London: Wiley. 
Pennington, B.F., Van Orden, G.C., Smith, S.D., Green, P.A. & Haith, M.M. (1990). 
Phonological processing skills and deficits in adult dyslexics. Child Development, 61, 
1753-1778. 
Perfetti, C. (1985). Reading ability. New York: Oxford Press. 
Perfetti, C.A., Finger, B. & Hogaboam, T. (1978). Sources of vocalization latency 
differences between skilled and less skilled young readers. Journal of Educational 
Psychology, 70, 730-739. 
Perfetti, C., Beck, I., Bell, L. C. & Hughes, C. (1987). Phonemic Knowledge and 
Lea1ning to Read are Reciprocal: A Longitudinal Study of First Grade Children. 
Merrill-Palmer Quarterly, 33, 3, 283-319. 
Plaut, D.C., McClelland, J.L., Seidenberg, M.S. & Patterson, K. (1996). 
Understanding notmal and impaired word reading: Computational principles in quasi-
regular domains. Psychological Review, 103, 56-115. 
Plaut, D.C. & Shallice, T. (1993). Deep dyslexia: A case study of connectionist 
neuropsychology. Cognitive Neuropsychology, I 0, 3 77-500. 
251 
. -- - ··- ·---------------: 
Pumfrey, P. & Elliott, C.D. (1991). National Reading Standards and Standard 
Assessment Tasks: An educational house of cards? Educational Psychology in Practice, 
7, 74-80. 
Rack, J.P. (1985). Orthographic and phonetic coding in notmal and dyslexic reading. 
British Journal of Psychology, 76, 325-340. 
Rack, J.P. (1994). Dyslexia: The Phonological Deficit Hypothesis. In A. J. Fawcett & 
R. E. Nicolson (Eds.) Dyslexia in children: Multidisciplinary perspectives, 
(pp.5-37). Hemel Hempstead, UK: Harvester Press. 
Rack, J.P. (1997). Issues in the assessment of developmental dyslexia in adults: 
theoretical and applied perspectives. Journal of Research in Reading, 20, 1, 66-76. 
Rack, J.P, Hulme, C. & Snowling, M.J. (1993). Learning to read: A theoretical 
synthesis. In H. Reese (Ed.) Advances in Child Development and Behaviour, (pp. 99-
132). New York: Academic Press. 
Rack, J.P., Snowling, M.J. & Olson, R.K. (1992). The nonword reading deficit in 
developmental dyslexia: A review. Reading Research Quarterly, 27, 28-53. 
Rack, J., Hulme, C., Snowling, M. & Wightman, J. (1994). The Role of Phonology in 
Young Children Learning to Read Words: The Direct-Mapping Hypothesis. Journal of 
Experimental Child Psychology, 57, 42-71. 
Raven, J. (1995). Raven's Progressive Matrices Standard and Coloured, (2nd edn). 
Windsor: NFER-Nelson. 
Raven, J. (1998). Raven's Progressive Matrices Standard and Coloured, (3nd edn). 
Windsor: NFER-Nelson. 
Rayner, K. & Pollatsek, A. (1989). The Psychology of Reading. Englewood Cliffs, NJ: 
Prentice-Hall. 
252 
Rosner, J. & Simon, D.P. (1971). The auditory analysis test: An initial report. Journal 
· of Learning Disabilities, 4, 384-392. 
Rugel, R.P. (1974). WISC subtest scores of disabled readers: A review with respect to 
Bannatyne's recategorisation. Journal of Learning Disabilities, 7, 48-55. 
Rutter, M., Caspi, A., Fergussen, D., Hotwood, I.J., Goodman, R., Maughan, B., Moffit, 
T-E., Meltzer, H. & Canon, J. (2004). Sex Differences in Developmental Reading 
Disability: New Findings from 4 Epidemiological Studies. Journal of the American 
Medical Association, 291, 2007-2012. 
Rutter, M., Tizard, J. & Whitmore, K. (1970). Health, Education and Behaviour. 
London: Longman. 
Rutter, M. & Yule, M. (1975). The concept of specific reading retardation, Journal of 
Child Psychology and Psychiatry, 16, 181-197. 
Samuels, S. J. (1985). Automaticity and repeated reading. In P.J.T. Osborn, R. Wilson, 
& R.C. Anderson (Eds.) Reading Education: Foundations for a literate America. 
Lexington: Lexington Books. 
Samuels, S.J. & Flor, R.F. (1997). The Importance of Automaticity for Developing 
Expertise in Reading. Reading and Writing Quarterly: Overcoming Learning 
Difficulties, 13, 1 07-121. 
Scarborough, H.S. (1990). Very early language deficits in dyslexic children. Child 
Development, 61, 1728-17 43. 
Schneider,W., Eschman, A. & Zuccolotto, A. (2002). E-Prime User's Guide. 
Pittsburgh: Psychology Software Tools, Inc. 
Schneider, W., Eschman, A. & Zuccolotto, A. (2002). E-Prime User's Guide. 
Pittsburgh: Psychology Software Tools, Inc. 
253 
SCAA (1997). The National Framework for Baseline Assessment: Criteria and 
procedures for Accreditation of Baseline Assessment Schemes, London: School 
Cuniculum and Assessment Authority. 
Scarborough, H.S. (1989). Prediction of reading disability from familial and individual 
differences. Journal of Educational Psychology, 81, 101-108. 
Scarborough, H.S. (1990). Very early language deficits in dyslexic children. Child 
Development, 61 1728-17 43. 
Scarborough, H.S. (1998). Predicting the Future Achievement of Second Graders with 
Reading Disabilities: Contributions of Phonemic Awareness, Verbal Memory, Rapid 
Naming, and IQ. Annals of Dyslexia, 48, 115-136. 
Schonell, F.J. & Schonell, F.E. (1956). Diagnostic and attainment testing: including a 
manual of tests, their nature, use, recording and interpretation. London: Oliver & 
Boyd. 
Seidenberg, M.S. (2002). Using connectionist models to understand reading and 
dyslexia. In R. Stainthorp & P. Tomlinson (Eds.) Learning and Teaching Reading. 
British Journal of Educational Psychology, 75-88, 
Seidenberg, M.S. & McClelland, J. (1989). A disttibuted, developmental model ofword 
recognition. Psychological Review, 96, 523-568. 
Siegel, L. (1989). I.Q. Is Irrelevant to the Definition ofLeatning Disabilities. Journal 
of Learning Disabilities, 22, 8, 469-478. 
Simpson, J. & Everatt, J. (2001). Phonological skills and naming speed as predictors of 
future literacy deficits. In M. Johnson, (Ed.) Proceedings of the British Dyslexia 
Association International Conference Dyslexia: At the Dawn of the New Centwy, 
University of York. Reading: British Dyslexia Association. 
254 
Simpson, J. & Everatt, J. (in press). Reception Class Predictors of Literacy 
Achievement. British Journal of Educational Psychology. 
Singleton, C.H. (2002). Dyslexia: Cognitive Factors and In1plications for Literacy. In 
G. Reid & J. Wearmouth (Eds.) Dyslexia and Literacy: Theory & Practice (pp.113-129). 
Chichester: Wiley. 
Singleton, C.H., Hmne, J.K. & Thomas, K.V. (1998). CoPS Baseline Assessment 
System. Beverley, East Yorkshire, UK: Lucid Research Limited. 
Singleton, C.H., Ho1ne, J.K. & Thomas, K.V. (1999). Computerised baseline 
assessment of literacy. Journal of Research in Reading, 22, 1, 67-80. 
Singleton, C. H., Thomas, K. V. & Leedale, R. C. (1997). CoPs 1 Cognitive Profiling 
Systems: Windows Edition. Beverley, East Yorkshire, UK: Lucid Research Limited. 
Shankweiler, D., Liberman, I.Y., Mark, L.S., Fowler, C.A. & Fischer, F.W. (1979). The 
speech code and learning to read. Journal of Experimental Psychology: Human 
Learning and Memory, 5, 531-545. 
Share, D.L. (1985). Phonological Recoding and Self-teaching: Sine qua non of Reading 
Acquisition. Cognition, 24, 139-164. 
Share, D.L., Jo1m, A.F., Maclean, R. & Matthews, R. (1984). Sources of individual 
differences in reading acquisition. Journal of Educational Psychology, 76, 
1309-1324. 
Share, D.L., Jo1m, A.F., Maclean, R. & Matthews, R. (2002). Temporal processing and 
reading disability. Reading and Writing: An Interdisciplinary Journal. 15, 
151-178. 
Share, D.L. & Stanovich, K.E. (1995). Cognitive processes in early reading 
development: Accommodating individual differences into a model of acquisition. Issues 
in Education: Contributions from Educational Psychology, 1, 1-57. 
255 
Smith, F. 1975. Psycholinguistics and Reading. New York: Holt, Rinehard & Winston. 
Snowling, M.J. (1980). The development of grapheme-phoneme correspondences in 
normal and dyslexic readers. Journal of Experimental Child Psychology, 29, 
294-305. 
Snowling, M.J. (1987). Dyslexia: A Cognitive Developmental Perspective. Oxford: 
Blackwell. 
Snowling, M.J. (1991). Developmental reading disorders. Journal of Child Psychology 
and Psychiatry, 32, 49-77. 
Snowling, M.J. (1995). Phonological processing and developmental dyslexia. Journal 
of Research in Reading, 18, 2, 132-13 8. 
Snowling, M.J. (2000). Dyslexia, second edition. Oxford: Blackwell. 
Snowling, M.J. & Hulme, C. (1994). The development of phonological skills. 
Philosophical Transactions of the Royal Society B, 346, 21-28. 
Snowling, M.J., Nation, K., Moxham, P., Gallagher, A. & Frith, U. (1997). 
Phonological processing skills of dyslexic students in higher education: a preliminary 
report. Journal of Research in Reading, 20, 1, 31-41. 
Snowling, M.J., Stothard, S.E. & McClean, J. (1996). Graded Nonword Reading Test. 
Bury St Edtnunds, England: Thames Valley Test Company. 
Snowling, M., van Wagtendonk, B. & Stafford, C. (1988). Object-naming deficits in 
developmental dyslexia. Journal of Reading Research, 11, 2, 67-85. 
Spring, C. & Capps, C. (1974). Encoding spe.ed, rehearsal and probed recall of dyslexic 
boys. Journal of Educational Psychology, 66, 780-786. 
256 
Spring, C. & Davies, J.M. (1988). Relations of digit naming speed with three 
con1ponents of reading. Applied Psycholinguistics, 9, 315-334. 
Stainthorp, R. (1997). UnSATisfactory: or How the Reading SATs May Mask the 
Level of Achievement of Young Early Readers. Reading, 35-38. 
Stahl, S.A & MutTay, B.A. (1994). Defining Phonological Awareness and Its 
Relationship to Early Reading. Journal of Educational Psychology, 86, 221-234. 
Stanovich, K.E. (1980). Towards and interactive model of individual differences in the 
development of reading fluency. Reading Research Quarterly, 16, 32-71. 
Stanovich, K.E. (1981). Relationship between word decoding speed, general name-
retrieval ability, and reading progress in first-grade children. Journal of Educational 
Psychology, 73, 809-815. 
Stanovich, K. E. (1982a). Individual differences in reading: Some consequences of 
individual differences in the acquisition of literacy. Reading Research Quarterly, 21, 
360-407. 
Stanovich, K. E. (1986a). Cognitive processes and reading problems in leatning-
disabled children: Evaluation and assumption of specificity. In J.K. Torgesen & B. 
Wong (Eds.) Psychological and Educational Perspectives on Learning Disabilities (pp. 
87-131). New York: Academic Press. 
Stanovich, K. E. (1986b). Matthew effects in reading: Some consequences of individual 
differences in the acquisition of literacy. Reading Research Quarterly, 21, 360-364. 
Stanovich, K. E. (1988a). Explaining the differences between the dyslexic and the 
garden-variety poor reader: The phonological-core variable-difference model. Journal 
of Experimental Child Psychology, 38, 175-190. 
Stanovich, K.E. (1991). Discrepancy definitions of reading disability: Has intelligence 
led us astray? Reading Research Quarterly, 26, 7-29. 
257 
Stanovich, K. E. (1992). Speculations on the causes and consequences of individual 
differences in early reading acquisition. In P. Gough, L. Ehri, & Treiman, R. (Eds.). 
Reading Acquisition, Hillsdale, NJ: Erlbaum Associates, 307-342. 
Stanovich, K.E. (1994). Annotation: does dyslexia exist? Journal of Child Psychology 
and Psychiatry, 35, 579-595. 
Stanovich, K.E. (2000). Progress in understanding reading: Scientific foundations and 
new frontiers. New York: The Guildford Press. 
Stanovich, K.E., Cunningham, A.E. & Cramer, B.R. (1984). Assessing phonological 
awareness in kindergarten children: issues of task comparability. Journal of 
Experimental Child Psychology, 38, 175-190. 
Stanovich, K.E., Feeman, D.J. & Cunningham, A.E. (1983). The development of the 
relation between letter-naming speed and reading ability. Bulletin of the Psychnomic 
Society, 21, 199-202. 
Stanovich, K.E., West, R.F. & Feeman, D.J. (1981). A longitudinal study of sentence 
context effects in second-grade children: Tests of an interactive-compensatory model. 
Journal of Experimental Child Psychology, 32, 185-199. 
Stanovich, K.E. & Stanovich, P.J. (1995). How research might inform the debate about 
early reading acquisition. Journal of Research in Reading, 18, 2, 87-105. 
Stein, J.F. (1994). A visual deficit in dyslexics? In A. Fawcett & R. Nicolson (Eds.) 
Dyslexia in Children: Multidisciplinary perspectives (pp.13 7 -156). Hemel Hempstead, 
UK: Harvester Press. 
Stein, J .F. (200 1 ). The magnocellular theory of developmental dyslexia. Dyslexia: An 
International Journal of Research and Practice, 7, 12-36. 
258 
Stein, J.F., Riddle, P. & Fowler, M.S. (1989). Disordered right hemisphere function in 
developmental dyslexia. In C. von Euler, I. Lundberg & G. Lennerstrand (Eds.) Brain 
and Reading. New York: Stockton Press. 
Stuart, M. & Coltheat1, M. (1988). Does reading develop in a sequence of stages? 
Cognition, 30, 2, 139-181. 
Studdet1-Kennedy, M. & Mody, M. {1995). Auditory temporal perception deficits in 
reading-impaired: A critical review of the evidence. Psychonomic Bulletin Review, 2, 
508-514. 
Studdert-Kennedy, M., Mody, M. & Brady, S. (2000). Speech perception deficits in 
poor readers: A reply to Denenberg's critique. Journal of Learning Disabilities, 33, 317-
321. 
Swan, D. & Goswami, U. (1997). ·Picture naming deficits developn1ental dyslexia: The 
Phonological Representations Hypothesis. Brain and Language, 56, 334-353. 
Tallal, P. (1980). Auditory temporal perception, phonics and reading disabilities in 
children, Brain and Language, 9, 182-198. 
Tallal, P., Miller, S.L., Jenkins, W.M. & Merzenich, M.M. (1997). The Role of 
Temporal Processing in Developmental Language-Based Leatning Disorders: Research 
and Clinical Implications. In B. Blachman (Ed.) Foundations of Reading Acquisition 
and Dyslexia: Implications for Early Intervention (pp.49-66). Mahway, New Jersey; 
London: Lawrence Erlbaum Associates. 
Tallal, P., Miller, S.L., Jenkins, W.M. & Merzenich, M.M. {1998). Language lean1ing 
impaitment: Integrating research and remediation. Scandinavian Journal of Psychology, 
39, 197-199. 
Taylor, S.E., Motris, H.F., & White, C.E. (1994). Visagraph Test Booklet. New York: 
Taylor Associates. 
259 
Tizard Report, Department of Education and Science (1972). Report of the Advisory 
Committee on Handicapped Children. London: HMSO. 
Thomson, M.E. (1990). Developmental Dyslexia (3rd edn). London: Whurr Publishers 
Limited. 
Thomson, M.E. (2001). The Psychology of Dyslexia: A handbook/or teachers. London: 
Whurr Publishers Limited. 
Torgesen, J.K. (2000). Individual differences in response to early interventions in 
reading: The lingering problem of treatment resisters. Learning Disabilities Research 
&Practice, 15, 55-64. 
Torgesen, J.K. (2001). The theory and practice of intervention: comparing outcomes 
from prevention and remediation studies. In A. Fawcett (Ed.) Dyslexia: Theory & Good 
Practice (pp.185-202). London: Whurr Publishers Limited. 
Torgesen, J.K. (2002a). The prevention of reading difficulties. Journal of School 
Psychology. 40, 7-26. 
Torgesen, J.K. (2002b ). Lessons leatned from intervention research in reading: A way 
to go before we rest. In R. Stainthorpe (Ed.), Literacy: Learning and teaching (pp. 89-
1 04). London: British Psychological Society. 
Torgesen, J., Wagner, R. & Rashotte, C. (1997). Approaches to the Prevention and 
Remediation of Phonologically Based Reading Difficulties. In B.A. Blachman (Ed.) 
Foundations of Reading Acquisition and Dyslexia: Implications for Early Intervention 
(pp.287-304). Mahway, New Jersey; London: Lawrence Erlbaum Associate.s. 
Torgesen, J.K., Wagner, R.K., Rashotte, C.A., Burgess, S. & Hecht, S. (1997). 
Contributions of phonological awareness and rapid automatic naming ability to the 
growth of word-reading skills in second- to fifth-grade children. Scientific Studies in 
Reading, I, 161-185. 
260 
Torgesen, J.K., Wagner, R.K., Rashotte, C.A., Rose, E., Lindatnood, P., Conway, T. & 
Gavan, C. (1999). Preventing Reading Failure in Young Children With Phonological 
Processing Disabilities: Group and Individual Responses to Inshuction Journal of 
Educational Psychology, 4, 579-593. 
Torgesen, J.K., Wagner, R.K., Simmons, K., Laughon, P. (1990). Identifying 
Phonological Coding Problems in Disabled Readers: Naming, Counting or Span 
Measures? Learning Disabilities Quarterly, 13, 236-243. 
Treiman, R. & Zukowski, A. (1996). Children's Sensitivity to Syllables, Onsets, Rimes, 
and Phonemes. Journal of Experimental Child Psychology, 61, 193-215. 
Van den Bos, K. (1998). IQ, phonological awareness, and continuous-naming speed 
related to Dutch children's poor decoding perfo1mance on two word identification tasks. 
Dyslexia, 4, 73"89. 
Van Orden, G.C., Pennington, B.F. & Stone, G.O. (1990). Word Identification in 
Reading and the Promise of Subsymbolic Psycholinguistics. Psychological Review, 97, 
4, 488-522 
Vellutino, F.R. (1979). Dyslexia: Theory and Research. Cambridge, MA: MIT Press. 
Vellutino, F.R. & Scanlon, D.M. (1987). Phonological coding, Phonological awareness, 
and reading ability: Evidence from a longitudinal and experimental study. Merrill-
Palmer Quarterly, 33, 321"363. 
Vellutino, F.R., Scanlon, D.M., Sipay, E. R., Small, S.G., Pratt, A., Chen, R. & Denckla, 
M.B. (1996). Cognitive Profiles ofDifficult-to-Remediate and Readily Remediated 
Poor Readers: Early Intervention as a Vehicle for Distinguishing Between Cognitive and 
Experiential Deficits as Basic Causes of Specific Reading Disability. Journal of 
Educational Psychology, 88, 4, 601-638. 
Vernon, P. (1997). Graded Word Spelling Test. London: Hodder & Stoughton. 
261 
Vincent, D. & de la Mare, M. (1990). The Individual Reading Analysis. Windsor, 
Berks: NFER-Nelson Publishing Company Ltd. 
Wagner, R.K. & Torgesen, J.K. {1987). The nature of phonological processing and its 
causal role in the acquisition of reading skills. Psychological Bulletin, 101, 
192-212. 
Wagner, R.K., Torgesen, J.K., Rashotte, C.A., Hecht, S.A., Barker, T.A., Burgess, S.R., 
Donohue, J. & Gavan, T. (1997). Changing causal relations between phonological 
processing abilities and word-level reading as children develop from beginning to fluent 
readers: A five-year longitudinal study. Developmental Psychology, 33, 468-479. 
Wandsworth LEA. (1994). Baseline Assessment Handbook. London: Wandsworth 
Borough Council Education Department. 
Wechsler, D. (1992). Wechsler Intelligence Scale for Children (3rd edn). (WISC-IIflK). 
Sidcup: Psychological Corporation. 
Wechsler, D. (1993). Wechsler Objective Reading Dimensions (WORD). Sidcup: The 
Psychological Corporation. 
West, R. F. & Stanovich, K.E. (1978). Automatic contextual facilitation in readers of 
three ages. Child Development, 49, 717-727. 
Wilkins, A.J., Evans, B.J.W., Brown, J.A., Busby, A.E., Wingfield, A.E., Jeanes, R.J. & 
Bald, J. (1994). Double-n1asked placebo-controlled tJ.ial of precision spectral filters in 
children who use coloured overlays. Ophthalmic and Physiological Optics, 14, 365-370. 
Wilson, J. & Cline, T. (1995). The naming speed test. Educational and Child 
Psychology, 12, 39-45. 
Wimmer, H. (1993). Characteristics of developmental dyslexia in a regular writing 
system. Applied Psycholinguistics, 14, 1-34. 
262 
Wimmer, H. & Hummer, P. (1990). How Getman-speaking first graders read and spell: 
doubts on the importance ofthe logographic stage. Applied Psycholinguisitcs, 11, 349-
368. 
Wolf, M. (1986). Rapid Alternating Stimulus Naming in the Developmental Dyslexias. 
Brain and Language, 27, 360-379. 
Wolf, M. (1991). Letter naming, naming speed, reading, and the conttibution of the 
cognitive neurosciences. Reading Research Quarterly, 26, 133-141. 
Wolf, M. (1997). A provisional, integrative account of phonological and rapid nanling-
speed deficits in dyslexia: Implications for diagnosis and intervention. In B. Blachman 
(Ed.) Foundations of Reading Acquisition and Dyslexia: Implications for Early 
Intervention (pp.67-92). Hillsdale, NJ: Lawrence Erlbaun1 Associates. 
Wolf, M. (1998). A Provisional, Integrative Account of Phonological and Naming-
Speed Deficits in Dyslexia: Implications for Diagnosis and Intervention. In B.A. 
Blachman (Ed.) Foundations of Reading Acquisition and Dyslexia: Implications for 
Early Intervention (pp. 67-94). Hillsdale, NJ: Lawrence Erlbaum Associates. 
Wolf, M & Bowers, P. (1999). The question of naming-speed deficits in developmental 
reading disabilities: An Introduction to the double-deficit hypothesis, Journal of 
Educational Psychology, 19, 1-24. 
Wolf, M & Bowers, P. (2000). Naming-Speed Processes and Developmental Reading 
Disabilities: An Introduction to the Special Issue on the Double-Deficit Hypothesis. 
Journal of Learning Disabilities, 33, 4, 322-324. 
Wolf, M., Bally, H. & Monis, R. (1986). Automaticity, rett·ieval processes, and 
reading: A longitudinal study in average and impaired readers. Child Development, 57, 
988-1000. 
Wolf, M., Bowers, P. & Biddle, K. (2000). Naming speed processes, timing, and 
reading: A conceptual review. Journal of Learning Disabilities, 33, 387-407. 
263 
Wolf, M., Goldberg, A., Gidney, C., Lovett, M., Cirino, P. & Manis, R. (2002). The 
second deficit: An investigation of the independence of phonological and naming-speed 
deficits in developmental dyslexia. Reading and Writing: An Interdisciplinary Journal, 
15, 43-72. 
Wolf, M., Miller, L. & Donelly, K. (2000). Retrieval, Automaticity, Vocabulary 
elaboration-Ot1hography (RA VE-0): A comprehensive, fluency-based reading 
intervention programme. Journal of Learning Disabilities, 33, 375-386. 
Wolf, M. & O'Brien. (2001). On issues of time, fluency, and intervention. In A. 
Fawcett (Ed.) Dyslexia: Theory and Good Practice (pp. 124-40). London: WhulT 
Publishers Limited. 
Wolf, M., & Obregon, M. (1992). Early Naming Deficits, Developmental Dyslexia, and 
a Specific Deficit Hypothesis. Brain and Language, 42, 219-247. 
Wolf, M., Pfeil, C., Lotz, R. & Biddle, K. (1994). Towards a more universal 
understanding of the developmental dyslexias: The contribution of orthographic factors. 
In V. W. Betninger (Ed.) The varieties of orthographic knowledge, Vol. 1: Theoretical 
and developmental issues (pp.13 7-171 ). Dordrecht/Boston/London: Klumer Academic 
Publishers. 
Wolf, M. & Segal, D. (1999). Retdeval rate, Accuracy and Vocabulary Elaboration 
(RAVE) in reading impaired children: A pilot intervention programme. DysleXia: An 
International Journal ofTheory and Practice, 5, 1-27. 
Wolfendale, S., & Lindsay, G. (1999). Guest Editorial: Issues in baseline assessment. 
Journal of Research in Reading, 22, 1, 1-13. 
Wolff, P.H., Michel, G., & Ovrut, M. (1990a). Rate variables and automatized naming 
in developmental dyslexia. Developmental Psychology, 26, 349-359. 
264 
Yopp, H.K. (1988). The validity and reliability of phonemic awareness tests. Reading 
Research Quarterly, 23, 159-177. 
Yap, R. & van der Leij, A. (1993). Word processing in dyslexics: An automatic 
decoding deficit? Reading and Writing: An Interdisciplinary Journal, 5, 261-279. 
Yap, R. & van der Leij, A. (1994). Testing the automatization deficit hypothesis of 
dyslexia via a dual-task paradigm. Journal of Leaning Disabilities, 27, 660-665. 
Zabell, C. & Everatt, J. (2002). Surface and phonological subtypes of adult 
developmental dyslexia. Dyslexia: An International Journal of Research and Practice, 
8, 160-177. 
265 
7 Appendices 266 
Appendix 1 Rapid automatised naming (animals) 267 
Appendix2 Rapid automatised nruning (digits) 268 
Appendix 3 Rapid automatised naming (colours) 269 
Appendix 4 Orthographic choice task 1 270 
Appendix5 Orthographic choice task 2 271 
Appendix 6 Group A 'sounds within words' 272 
Appendix 7 Group B 'whole words' 273 
266 
ｾ＠ ｾ＠ . . ... .... . . 
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Appendix 2 Study C2 Rapid automatised naming (digits) 
1 9 3 7 
3 7 1 9 
7 1 9 3 
9 3 7 1 
3 1 9 7 
9 7 1 3 
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Appendix 3 Study C2 Rapid automatised naming (colours) 
269 
Appendix 4 Study C2 Orthographic Choice Task 1 
tnunk tnonk bean bene 
ski skee tortace tortoise 
gote goat bloom. blume 
thutn thutnb gaurd guard 
by bie cheir chair 
column collutn . se1ze seeze 
stile style face fais 
bare bark fude feud 
pageant padgeant wot watt 
freight frate guyser geyser 
court cort grannit granite 
m.eant ment hoop hupe 
. . 
JUrney JOurney cologne Calogne 
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Appendix 5 Study C2 Orthographic Choice Task 2 
leep leap sorce source 
. 
n1enace n1ents doubt dout 
blinc blink mischief mischef 
debt det blaim blame 
streat street od odd 
poultry pol trey ritch rich 
brawl braul shreek shriek 
certain surten . • mtgn mtne 
pursute pursuit soon sune 
spunge sponge detoor detour 
lan1b lam biskit biscuit 
soap sope fligh fly 
built bilt vacutne vacuum 
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Appendix4 StudyR2 Group A 'sounds within words' 
Week 1: Session 1 Week 2: Session 1 Week 3: Session 1 
told high today money started world 
better always light have white second 
t might much t important window t different animals 
turn walk between change still baby 
until happy together swimming great under 
watch sound walk near church brother 
change round woke both pitched found 
ch children balloon ck clock never ch such both 
much knew cake first watch asked 
teacher morning across follow teacher swimming 
animal clothes apple great began Being 
began used asked inside happy Money 
a happy number a half gone a camp Told 
capture turned cast high apple Heard 
asked never animal white banner Outside 
balloon window clue small soon Walk 
who why lose right poodle Change 
00 soon small 00 monsoon clothes 00 you Own 
maroon second noodles window baboon Found 
glue eyes cocoon brother clue Never 
look woke ｣ｬｵｭｾｹ｟＠ leave sudden Whole 
nwnber sister turned today number Morning 
u young first under happy u cluster Almost 
until round u much does until High 
upon only suddenly something much Still 
Week 1: Session 2 Week 2: Session 2 Week 3: Session 2 
should always shake word shelf place 
push lady fashion friends sherbet number 
sh crushed without sh shuffie sound sh shelter Better 
shadow where shush being lashing Woken 
mesh tries pushed around condition Garden 
during small window clothes head Think 
bil1hday number does began suddenly Between 
d turned brought d today sister d around Young 
used also children coming inside Father 
different together different something does While 
place never happy write important Different 
stopped together opened thought paper Tries 
p paper under important balloon p jumped Better 
jumped around p place much happy Change 
upon does stopped sound opened Around 
father through half began fHends Walked 
different together first asked different Birthday 
f found change f follow garden f graph Every 
before every leaf light before Coming 
often sure telephone second often Watch 
tread near together window children Between 
every light better animals never Those 
e second turned e never first e better Around 
never coming envelope birthday envelope Balloon 
head until different across every Above 
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Appendix 5 Study R2 Group B 'whole words' 
Week 1: Session 1 Week 2: Session 1 Week 3: Session 1 
told high today money Started world 
always have second 
t much t window t animals 
walk change baby 
happy swimming under 
watch sound walk near church brother 
round both found 
ch balloon ck never ch both 
knew first asked 
morning follow swimming 
animal clothes apple great began being 
used inside money 
a number a gone a told 
turned high heard 
never white outside 
balloon window clue small soon walk 
why right change 
00 small 00 clothes 00 own 
second window found 
eyes brother never 
look woke clumsy leave sudden whole 
sister today morning 
u first u happy u almost 
round does high 
only something still 
Week 1: Session 2 Week 2: Session 2 Week 3: Session 2 
should always shake word shelf place 
lady friends number 
sh without sh sound sh better 
where being woken 
tries around garden 
during small window clothes head think 
number began between 
d brought d sister d young 
also coming father 
together something while 
place never happy write important different 
together thought tries 
p under p balloon p better 
around much change 
does sound around 
father through half began friends walked 
together asked birthday 
f change f garden f every 
evety light coming 
sure second watch 
tread near together window children between 
light animals those 
e turned e first e around 
coming birthday balloon 
until across above 
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